





(200) - e
T67~/ | 3

v

UNITED STATES. DEPARTMENT OF THE INTERTOR
GEOLOGICAL SURVEY,

GEOLOGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS

SEMIANNUAL PROGRESS REPORT

December 1, 1955 to Msy 31, 1956

June 1956

LIBRARY
e

Trace Elements Investigations Report-620%

X

=l

#This report concerns work done on behalf of the Divisions
of Raw Materials and Research of the U, S. Atomic Energy i
Commission.

TIN 24




CONTENTS

Page
Introductionecssseseesssescosssocsssososvosossosssosescsssssnsscecnons 15
Highlights, geologic investigations of radioactive depositscecsesssss 17
Uranium in sandstone-type deposits on the Colorado Plateaueecssscoceseco 34

GQOlOgiO mappingootoootooaooooooooooooooooioooooooooooooo.oo-ooo 3‘].
Bull Canyon district; Colorado, by R. M. Wallace '

and E, S. SantOSotooeoaoooootoooooo.oooooqoooooo.oooooooo 35
Slick Rock district, Colorade, by D. R. Shawe,

Ges S, Simmons, and W, B. Rogersuo..oo.o.o........o.“.oo 39

Stratigra.phic studieSceccessesesscsccesccsessssssssscs 39
Heavy mineral studieScecscscessesessseccsssssssssssssos AO
Uravan district, Colorade, by R. L. Boardman,

Hs E. Bowers, L, R, Litsey, and Ce¢ To SumsioNeeoseecoceoo 45
Western San Juan Mountains, Colorado, by A. L. Bush,

R. B. Taylor, 0o To Marsh, and Ce. S, Brohifieldesececscsse L}7
Ute Mountains, Colorado, by E. B. Ekren and F. N. Houser.s. 50
Gateway district, Colorado.and Utah, by L. J« Eicher

a.nd G. Ao Mjllerooooooooeooooooooooooooooooooooooéooooo.. 53
Sage Plain, Utah and Colorado, by L. C., Huff and

Fo Go LeSUr€secesecocsseccossssssssssccecsssscsssscssecse DD
La Sal Creek area, Colorado and Utah, by W. De Carter

and J. L. Gualtiericeceovsscoscsceecsesscsessssscssnscssese 57
Lisbon Valley, Utah and Colorado, by G. W. Weir,

Ve Co Kennédy, and Co L¢ DodSONececssccssssesssscssesscco 60
Moab-Inter-river area, Utah, by Ee« No HinrichSecesssoscesce 62
Orange Cliffs area, Utah, by F., A. McKeown and

Cs. Co Hane}’ooeoocoooo-ooooonocoooooooooooooocooooooooooo 6“.
San Rafael Swell, Utah, by Ro Ce RObeCKooessscesscsescsssse 66
Circle Cliffs area, Utah, by E. S. Davidson, D. A. Brew,

and L. D. C&rswellbooooooooooooooogoo-oooooooooouoo.a.ooo 67
Elk Ridge area, Utah, by R. Q. Lewis and R, H. Campbelless. 68
Abajo Mountains, Utah, by Te Jo Witkindeoceesocoessossssescse 72
East Vermillion Cliffs area, Arizona, by R. G. Petersen

and Jo De WellSesoosecoscecessssssosocecosscssessecssessss 7‘;
Grant;s area, New Me:d.co,, by R. Eo ThadeNocooococsessscseccosce 75
Laguna area, New Mexico, by R. He Moench and W. P. Puffett. 76
Diatremes on the Navajo and Hopi Reservations, Arizona,

by Eo Mo Shoemakereeocsssecsessoosssssccoessssesocssesssscoes 78
Ph.OtOgeOlOgiG mapping, by W. A, Fischerecscoscsssssecsecsse 86

Subsurface geologic investigations by drilling, by _
D. A, Phoenix and P, Ce FrankSeceecoscossscccoscesssssscssccss 8I
Stra.‘bigraphic studieScesseecscesecsesesssaccsscecsessscsesssssso 92
General studies; by L. C« Craig and De Do Dickeysseeocsseses 92
Triassic studies, by J. H. Stewart, F. G. Poole,

R, Fo Wilson, and William Thordarsoneesccesessssseccecsceo 94
Entrada study, by J. C. Wright and D, D. Dickeyoooooeqooooo 101
Iithologic Studies, by Ro. A, Cadigancoooooocoooooo.oooo-goo 101



Regional SynthGSiSooconooovo&é.'o000o0ovooo.otdoiiooﬁooooooo-ooo lph
Northwestern Colorado and northeastern Utah, by
Re Te CheW IlTsecoeseceesosscsescesnstessssstenssncdrcace 105
Northwest New Mexico, by L. S. Hilpert and A. Fe Coreyeeecss 105
Utah and Arizona, by He Se JOhNSONesceessscsssossssssssoaves 110
Botanical StudieSoocoooooooooooo-aosooooeo-..oo.o;t-.oo-‘.oocooo 113
Reﬂearch, by Ho Le CannoONeccecocessesescecocsssocsvsscsscssne 113
Prospecting, by F. J. Kleinhampl and Carl Koteffeeseseseecse 115
Mineralegic studiesSsevescecevseevescevsscescorseccccocesnsccence 117
Ore mineralogy, by Theodore Botinelly-.........¢......o.....117
Studies of clays in Triassic rocks, by L. G. SchultZesseses 119
Studies of clays in Jurassic rocks, by We Do Kelle€Teooeeess 121
Mineralogy of uranium deposits, by Ae¢ Do WeekSeessesencesss 123
Distribution of elements, by A. T. Miesch and

Je Jo CONNOTrecsevcsssscsscscccssrscocossvsssescassscsesse 128
Analytical methodSesvesocvocesccscssscasecscoasecsnsese 131
Distribution of various elementScecosscescecscscscssene 137

Urmj-um".b‘.'........'...0.....‘0......"....0.. 137
VanadiuMeeoesoeseseossesasosscsssasesssssscsscosnss 143
Copper......o..o-....e.....o.a..........g..-.-... lhB
leadseyecsosesssesecoscsccssnccsscnsncssscososene Lili
ZiNCeseessovecaservsscscoscssscssssscscccncssscsee Lih
Cobaltesessseecescosececosesssscesossosccvesocecae Lhly
Nj—ckel..ﬁ.s.0."'.@...OQO....0....‘6‘.“"....... ]—h5
ArseniCeesssescecccsvecesssossccassassscensssosse 145
SeleninMeoccvocssscesssevoscsonoscsosescsscpsssses 1&5
Mb&ybdennm...g...e...a.....................'..... lks
Localization and origin of vanadium-uranium ores on the ’
Colorado Plateauy, by Re Pe Fischerescceescsccocgssccesanscosce 1&6
Geophysical investigations......o....a.y........a....o...o--...o 147
Regional geophysical studies, by H. R. Joesting,
P. E. Byerly, and De Plouffeeesvecsssacsceascsosonocascoses 1h7
Geophysical studies in uranium geology, Monument
Valley,'Arizona, by Re Ao BlacKkesesssscascaveoooccssssace 150
Original-state core studies, by Ge. E. MangeTosesececsssessssesoce 160
Uranium in sandstone-type deposits outside the Colorado Plateaueeessp 164
Black Hills uplift, South Dakotaéwyominge.........o......q...... 164
Southern Black Hills, by G. Bs Gott, E. Ve Post,

De A. Brobst, and N, P. CuppelSoaoowboooooooooooooc-oqooo léﬁ
Results Oﬂ recent exploratioNesecceccescesccsocscccnsece 16&
Petrology ‘of Inyan Kara rocks and dune sandecesscessse 167

Mechanical analyses...........‘.q...........o.... 167
Inyan Kara sandstoneSesesssecssscesvessocencsncocs 168

! Dune sandSesceesscsscccsscescscssescscssssosassee LIl
Mineralogy and paragenesis of uranium OreS.essescecsee 171
The Gould mine.....e......o.‘o..oe'.....o..e..o....e.. 173
Stratigraphic dating of mineralizationcesessceccecscee 175



Carlile quadrangle, Wyoming, by M. H. Bergendahl
and R. E, 'DaViSQcoo¢00000ooooooooooooo‘oo.ocoooo¢oootocooo 179
Storm Hill quadrangle, Wyoming, by R. C. Vickers
and G. A. Izettoo00000060000000000‘00000’0000?0Oooboootooo 180
Aladdin area, Wyoming and South Dakota, by R. C. Vickers... 180
Powder River Basin Wy@miﬂgoooooooootaooooooooncoooooooioooooaooo 181
Southern Powder River Basin, by We No.SharPeesccscccacsesss 181
Wind River Baain*u...no.eo}...n-.c...u.o.......ou....ou.._.. 183
Gas Hills area, by He Do Zeller and P, E. Soisterccccesecess 183
Geophysical StUdieS, by Rs Ae BlacKeosseoessoesoossesosse 185
Hiland-Clarkson Hill area, by E. I. Richeseosssoscsaessssos 186
Washakie Basin, Colorado and womingooo-oo.ooooo.ooooooooooooéto 188
Baggs area, by G. Ee. Pritchardesescoccseessssssssssscscsscs 188
Maybell-Lay area, by M. J. Bergin and W. A, Chisholmscocesocs 190
Uranium OCCUIrYeNnCeessssesscoscescosesssessssssssssssss 190
Petrographic studieScssssssesecctssnscosscsosncsessocsons 191
Uranium in wateloecesscsscossosscssevesascssscssssssns 135
Great Divide B&ﬁin, Wyomj-ngoooocooooocoooooooeo.‘ooob.doo.ooiolo 200
Crooks Gap areay, by Je. Go. Stephensescessecsscesesscssscscos 200
GeOPhYSiC&l studies, by Re Ae BlacKkeessooeosesoessesoss 201
Southeastern Wyomj.ngoool»ooooooooooooooooooooo?ootooaooondoooaooo 202
Some uraniferous springs in the Wind River formation,
Albany Cmmty, Wyoming, by Je Do LOVEecossasosscesssossso 02
Ariﬂonaoooooooooo‘oooooooooooooooo.oooooo.ooooaooeooooooooooooooo 20‘}
Dripping Spl‘ing quartzite, by He Co Gra-ngeroo.oooooonoooooo 20‘&
Str'atigraphic studieSeecesssssecscscsvosossssossscsssse 204
Diabase differentiationsscsssssesssssssesssecccenssscs 206
Age of the depQSitSoo.oooooooooo.c0.0900.00.00000000.0 206
Changes of composition of siltstone during
alterationsccececsosvescescsssecoscsssscossssscsssssss 209
New Me:dco........u.......w......-.u........uu.....o...n.. 209
Tucumcari-Sabinoso area, by R. L. G’riggSooooooooaoooooao.o. 209
Pennsylva.nia....o......o.o.o..n.oo.uon..u.o...........o.o... 212
Mauch Chunk quadrangle, by Harry Klemic and
Je Ce Wamanoaoooooaoooooooooeooooocooiogootoooo-aooonooo 212
Mauch: Chunk shale (MiSSiSSippian)oooeoooooooo.ooooouoo 212
Pocono formation (Mississippian)eceseesscsssssssssssss 213
Catskill formation (Devonian)....o.........u......o.. 214
Penn Haven uranium OCCUITeNCEesesecssscscesscssscecses 21
Experimental photogeologic mapping, by We As Fischereecsscscceses 215
Uranium in veins, igneous rocks and related depositSceessescescssssss 217
Colorado Front Range, by P. K. SimMSececotecsssecssvssssssssssoce LT
Ralston But‘bes, COlOI'&dO’ by Do M. Sheridanesccesccsssssscosssces 222
Stevens Countyp WashingtonQ by P. L. WelSeogeesesoseacssssesssne 222
Thomas Range, Utah,, by M. He StaatZessesccessscessscecssgescenses 223
Jarbidge, Nevada-Utah, by Re Re COLSeeesscagossescsssasccsocccne 225
Boulder Batholith, Montana, by Ge. E. Becraftcescececcscecssoccsss 226



Kern River area, California, by E« M. MacKevettoeeesecesceos
Occurrence of uranium in veins and igneous rocks,
by Ge do Ne’uerbu.rgooooaooooooooooooooooooo-ooo-o'ooooooo'o
Uranium in carbonaceous rockScecessccoscsccecscsscecsessessssescss
Lignite investlgationﬁooooooooooooooooooooooooooau.oooo-oooo
Regional synthesis-eastern Montana and North
and South Dakotag by Jo R Gi]—l and No Mo Denﬁon'.o.o
Late Tertiary structural control of uranium
depOSitS at Slim Bu‘ttes, South Dakob8eeesssoccee
Late Tertiary structures in the Little Badlands,
North Dakota..@ﬁoﬂ.conﬂoo.."..0...'.......‘....
Geochemical invastiga‘tions.o.e...o................
Cave Hills, Harding County, South Dakota, by
Re. Co» Kepferl@ and We A, ChisholMececeoosccvsesccccee
Riley Pa-ss area'.....'......'.......‘....‘....."‘
Carbonate prospect....o..a.....o..................
Lonesome Pete Min@e.cecoceeeescccssessccccecccssccnns
Petrographic 811UdieSeecsscsccesssvecccscccsesscccee
Origin of uraniuUmMeeseosseccescsccscsscncssccccsccse
Carbonaceous rock investigationsescoeescececccccccessccscsse
Midcontinent Devonian and Mississippian shales,
by Ee Roe LandiSsececccccecsccssecscecccssceacoccscensne
Midcontinent Pennsylvanian rocks, by
We Danilchik and H. J. Wdenooooooooooooo-gaoooo....o
Stratigraphie distribution of the uranium in
northern Texas and southern Oklahoma, by
D. H. Eargle and E. Jo MCKayaoouoeooioooog.ooo.ooooo.
Geochemistry of uranium-bearing shales, by
Maurice Deul and I. A, Bregerecesesececcscegscseccesce
Uranium in asphaltite and petroleum, by A. T. Myerseses
Uranium in phosphateSoooooooeonooooooooooooooooooooooo.oooooootoo
Northwest phospha‘te, by V. Eo MCKelVGYeooooooooooooooooooooo
Southeast phosphat'eo.0.00.0.0000'...0000000......00000000000
Gﬁ@l@gic ﬂ@udi@@,) by We Lo FmericKeeevcessccscsvccscces
Phosphate deposits. and their **leached zones®™ in the
northern part of Florida, by G. H. Espenshade D e
and G. Wo Sp@nc@raoooooooooooooooooo.o.oooooo.ooo.oo.
Uranium in natural Waters» by P. F. FiXeooooococoescasssssssscssse
Uranium in placer depositSOQOOOOOooooooo.oooooaooooooﬁogooooooooo
Central Idaho placers, by De. M. Schmidboceescocessccasascacee
Correlation of airborne radiocactivity data and regional
geology, by W. J. Dempsey, R. B, Guillou, R. M. Moxham,
and Robert BateSecesceesccccocoeesesesoeecescssscescescscascans
Texas Coastal PlaiNeecoccccossceevessscecessccsessssssssscses
Northern mchi@moooaooaooooeooooonoooooooooeo-oceocooo-o.-o
East Pine Ridge escarpmentg Wyoming.....o.o.a".-....o...o..
Gﬂu’ Virginia.o.e.'000000OO.......'..’.'0.0‘.‘...........'
Cross—country radioactivity surveySeesccecesecosessceescssss
Eqnim&nt drifteececsscoceccovscesessssescesecscssceacssssece

227

229
235
235

235
235

237
237

243
243
21,6
248
251
253
255

255
259

261

26l
267
269
269
270
270

271
279
281
281

282
282
28l
28y
285
285
285



Reconnaissance for uranium in Alaska, by V. L., Freeman .

and Je Jo MatzZKOossoosseescosessoescsssscssessssesssssccsscsccnns 287
Analy‘bical service and research on methOdS-ooooo.boooono*.boooocoo 290
Sample control and proceSSir.lg’ by Je Je ROWEsssesvsecsscssss 290
RadanctiVitYQooooooo'ooovoooovoooo.oooooooso'¢-oooooooooooo 290
Services, by F. J. Flanagan and J. No. Rosholtsessecossse 290
Besemh’ by Fo. Eo Sentfle and J. Ne ROSholtoeecssscssse 293
Spectrographyooooo.oooooooo-ooooo.o.o‘oOnooOoooooooc..o-ooto 298
Semces, by Ce Lo Waring and A. T wersoo-ooioocoooooo 298
Research and methods development, by A. T. Myers,
and C. Lo Waring.on.n.o.....ou.o..-....u......... 298
Minor elements in low-rank coalescsceseveosessssce 298
Seleniumpooo0.06oooocooooo0ooonoooooooosooo¢oooooo 299
Rapid scanning micropho‘bometx'y....-...o............ 299
Infrared spectroscopy, by Re Ge MilkeF.osooeeoessccasee 300
Chemistryo¢ooboooooo'o¢ooooooo'oooovoooooooooooooooooooooooo 301
Semcas, by Ir?ing May and L. F. Rader, Jrecssececcecccso 301
Researcheesssscccesessescsscscsssosssessssasesccssessssco 303
The analytical chemistry of thorium, by
M. H. Fletcher and F. S. G’rimaldiooo;ooooo-OQQoo 303
The determination of lead in standard granite
sample G"‘l, by Ro A. Powell and Jo Jeo WarTeocoees 303
The determination of calcium and magnesium
in phosphate rock, by C. A. Kinser and
R. A. Pwell.o.."...o..a.......o“'.n._.......-. 304
The determination of uranium by spectrophoto-
metric methOdS’ by Ho I, Feinsteineocosocescesccss 30“-
Geochemical and petrologic research on basic principleSececsecsss 305
Radon and helium s‘bud.ieso by Ao P, Pierceecccscecsscsssscseen 305
Distribution of uranium in igneous complexes, by
George Phaircsescosscecessscesssscsssecssvseasscscsnssssse 310
Precambrian granites of the Colorado Front Rangeesesess 310
The Boulder Creek Batholithoceseesovocscooscescesscssss 312
White Mountain magma Seriess New Hampsnil’eooooooooooooo 317
Solution chemistry of uranium-bearing mineralScecsccescsssos 319
Transportation and deposition of uranium ore-
fomj.ng miner&ls,, by A, M. POMMBT cesecesesscessssscss 319
Studies on the vanadate systems, by Re Fo Marvinessosse 320
Isotope geolog and nuclear research.....no..uo........... 322
GGOChrUnClOgy’ by L. R. Stieff.o........m............. 322
Stable isotopes,, by Irving FriedmaNesesessossccsssecses 325
Isotope geology of lead, by R. S. Cannony JTeecessssccss 326
Muclear geologyg by F. E, Sentflesscecocesccssccgecssee 332
Geochemistry of uranium-bearing carbonaceous rocks,
by I. A. Breger and Maurice Deul..g............e..n-..... 33‘}



Mineralogic and petrographic service and researchececccsscecsscess 338
Mineralogical services, by R. C. Kellagher and

L. B. Rileyoeoooooooooooooooeaoooooooooooooooooooooooefo.o 338
Electron microscopy and electron diffractionceecscececcee 339
X~ray SSMCGB’ by George Ashbyoceccocecsscosssscccceso 340

Crystallography of uranium and associated minerals,

by He To® Evans, Jleeecssscossecccoonosessocoscescossocosessd 3’4.1
Structure studies of wvanadium mj.neralsnooQQOQQ‘ooooooooo 3’}1
Structure studies of uranium mineralScecssccscccsccsssee 3’4.3
Limitations on the possible composition of ore-

foming 801UbiONSeeecscssccscscssesoscsccsccsecsscsce 31..3
Properties of uranium-bearing minerals, by A. D. Weeksooeses 34k
Geoplwsical gervice and researthoesescecocscccesssccccscececcesesco 3‘(,6
Development and maintenance of radiation detection
equiment, by E. E. WilsONescecscsscoscescscnosceccosccses 3‘;6
Gamma~-ray logging studies, by Ce Mo Bunkereeccecceessscscese 348
Physical behavior of radon, by A. S. Rogers and
A‘ B. Tanner""a.“.‘..‘@.‘@’o..0.‘.’00...0"'.;.'0.0.... 3h9
Absorption and scattering of gamma radiation, by .
A. Y. Sakmra..o”.‘.oo’..".....OQ"...’.G.O.....‘.OQ..Q 351
Research and resource Studlesgooooeooooooeocooooeoooooooqooeooooo 353
Uranium in petroleum, petroleum derivatives, and
other natural bltumens, by Ke Go Balloooooo.oooooooooooopo 353
Relation of uranium deposits to tectonic elements,
by F. We Osterwald and B:. Ge DeaBNecescecscsssscosssesnsscs 35[}
Uranium in coal and allied carbonaceous rock, by
Je Do Vine and E. A Merewetheroooooooooooooooooeiooooooooo 356
Relationship between uranium-bearing veins and their
host rocks, by G. We walkeroeooooosooooo.ooooooooooo.oo.oo 359



10 .

ILLUSTRATIONS
Figure’
1. Index map of part of the Colorado Plateau showing
location of mappin,g prOjectSooo-o-oooooooooo.oaoooooooo.ooo
2. Generalized geologic map, Bull Canyon area, Coloradoseccsess
3. Diagram showing heavy mineral content of samples from
the Entrada sandstone, Slick Rock district, Coloradoessesos
L. Diagram showing heavy mineral content of samples in an
ore roll in Salt Wash sandstone, Slick Rock districtecesss
5. Sketch map of a part of the western San Juan Mountains,
ColoradOccscsescsoscoceeossescecescoescoesecssncssssscccse
6. Geologic map of West Gateway district, Colorado and Utahe...
7. Structure contours, mineralized ground, and ground favor-
able for vanadium-uranium deposits, La Sal Creek areaccesce
8., Ground favorable for concealed uranium deposits in the
Elk Ridge area, Utahooooeooooo&ooooooooooooooooooq&ooooooo
9. Cross section showing thinning of lower part of Chinle
formation and mines and prospects, Elk Ridgecesceescccscse
10. Map of volcanic rocks in the Hopi Buttes area, Arizonacseses
11. Abundance of elements in uraniferous limestones from the
Hopi Buttes area and limestones from the Colorado Plateau.
12. Correlation of elements with insoluble detrital fraction
in Hopi Buttes limestonesSeccecscccccsscccoveccnsscsecevsscs
13, Correlation of molybdenum and uranium, Hopi Buttes areacssee
14. Index map of part of the Colorado Plateau showing status
of thtogeOlogic mappingoooooooootooooooooooooobooooooou'o
15. Index map of part of the Colorado Plateau showing areas
drilled to test gteOgic conceptSoooooooaooocoooogo.c&oo‘o
16. Index map of northeastern Arizona and northwestern |,
New Mexj.QOooooo'oooooooom:oooo'ooco‘ooooooooooocoqoocotooo
17. Comparison of parameters of rock units at Capitoel Reef,
Utah and Grand Canyong Arizonacecacoceccoescevoenccccsssesee
18. Uranium deposits and ground favorable for concealed
deposits in Morrison formation, Thompson district, Utah...
19. Inferred areas favorable for uranium deposits in the
Chinle formation, Green River and Henry Mountains
districto Ubahosseocesssecscsevssccscssssascossscssscscssos
20. Geologic map of part of Henry Mountains districtsceccesccscse
2l. Cross section of open pit face at the Blitz minessscssecsces
22. Cross section of open pit face at the Jim Dandy minecececces
23. Travel time plot and corresponding geologic cross section
over buried Shinm channel.eosceocececocccsecscasscoscse
24 . Graph showing frequency of occurrence of acoustic

velocities in sixty-two holes drilled in the Shinarump

c@nglomerat@oooooaoooooo-oooo&ooooooogooooocoooooo.ooooooo

Page

36
37

43
b

48
Sk

59
69

71
79

82

83
8,

87
90
95
102
106
112
129
130
130

152

153



25.
26,
27.
28.
29,
30.
31,
32,
33.
34.
35.
36.
37.
38.
39
1.

L2,
L3.
blo

L5,

Resistivity horizontal profile over a buried Shinarump

chanrielo..'000.00.0060'000..000.0'0.000000000QOOOOOOOOOOC‘ 155
Plots of ratios of field data to theoretical data for

experimental traverse over buried Shinarump channeleeoeos. 158
Distribution of uranium minerals and carbonate cement

in channel Sa.ndst‘gneooooooooooaooooooooooooo.oooooooooo.oo 166
Geologic section of the Gould mine, Fall River County,

South Da.kotaooo-ooooooooooooooo'ooooooooooQtocoooooo-ooooo 176
Map showing relationship between silt-gall conglomerate

and uranium ore at the Gould min€socsecoscsecocsscscossscno 177
Cross section of discovery pit at the Gertrude claims,

MWbell‘Lw Al€806¢0000060000600020e0000009060000006699 0000 192
Stratigraphic sections showing relationship of uranium

to selenium and vanadium in the Browns Park formationeses. 193
Cross section showing relationship of uranium occurrence

to pyroclastic facies in the Browns Park formationeseccsss 196
Generalized geologic map showing uranium content of

water in the Maybell-Lay aI'€8ec0eesccosecssescscnsvscsceso 198
Diagrammatic cross section showing relationship of uran-

iferous springs to channel depositSececcesccsscccscoscacnss 203
Index map of Gila County, Arizona, showing generaliged

Btrlp map of Drlpplng Spring quarb21te....o. soecsssesssape 205
Chart showing differentiation of rock-forming oxides

in diabasic IntrusivesSscceseoscccscensvsncacsescsscencensose 207
Chart showing constancy of composition during thermal

metamerphism of 8iltstonGecssescsccccocssscorcsescessessse 210
Index map showing location of photogeologic mapping in

Wyoming, Colorado and New MeXiCOssssesesssssésscscssccssce 216
Diagram showing the sequence of intrusion of the

Terbi&!'y igneou,s TOCKSooeesscesevossvsossssoscossessoscescos 218
Diagram showing variation of radicactivity and uranium

with rock type and BEZCeesv0000000ec0e0s000¢0000sasv00000088 220
Map showing relationship of uranium deposits to late

Tel'bia.ry Stmcture, Slim Buttves’ South Dakotae. docenccssse 236
Map showing late Tertiary structure, Little Badlands,

North Dakotaoo¢a.oooooooovooooooooo¢Ocooo.o-'oo..oo.ooooqot 238
Comparison of analyses of radiocactive and non-radio-

active lignite in the Olesrud bed, Slim Buttes,

South Dakota@ssesscseccseossnsosescncsssnsnssscnseossnssssoe 239
Diagram showing composition of water residues from

late Tertiary and Cretaceous rocks, Montana and

the Dakotas'oooooo.oooo‘o.oo.ooocoooooo'.ooooooaooono.oooo' 2Lj.2
Concentration range and mean of elements in 96 samples

of lignite ash, North Cave Hills, South Dakolasecseceessss 245



L6
47,
48,
49.

50.
51.
52.
53.
She

55,
56.

57,
58.
59.
60.
1.

62.
63.

blo
65,

66.
67.

68.

Sections showing relation between clastic dikes and

uranium content, Carbonate prospect, South Dakotaseecececes 247
Cross section showing relationship between uranium

content of phosphatic mudstone and lignite beds,

Lonesome Pete mine9 South Dakotao.............o...,...o... 2#9
Correlation between uranium and phosphate content in

mudstone from the lonescme Pete mine, South Dakotasessesss 250
Concentration range and mean of elements in 50 samples

of phosphatic mudstone, lonesome Pete mine, South

Dakot8oocecosesosesescseescocessosssnssccssssssccevecsssces 252
Sample localities, Devonian and Mississippian black

shales, indicating maximum uranium content at eachesecscees 256
Phosphate and uranium contents and ratio of elU to U

in phosphatic nodules from Pennsylvanian black shaleSe..e. 260
Map of Wichita formation in the Red River Valley, showing

uranium 1ocalit1980.oooooo-oo.oooto.uooooooooooaotoo-ooo0o 262
Location of drill holes, Florida phosphate studieSeceececccsss 272
Logs of drill holes 31 to 36, Florida phosphate studjieseeee. 273
Logs of drill holes 37 to 41, Florida phosphate studiesSeecss 274
Iogs of drill holes 42 to 43, Florida phosphate studiesseees 275
Logs of drill holes 44 to 45, Florida phosphate studieseee.. 276
Claim.map of Kendrick Bay-Bokan Mountain arefeecesceccesceces 288
Diseqnilibrium classificalionescecsseccescsccoscscsncvucesses 295
Geologic map of Missouri showing localities at which

uraniumfbearing aﬁphaltite was examinedecsecesvescvesrsosce 306
Map showing location of known occurrences of uranium-

bearing asphaltite near Carlsbad, New MeXiCOssceseessessss 308
Uranium contents of "Silver Plume™ intrusiveSsiessessececeses 311
Geographical distribution of uranium in rocks of the,.

Boulder Creek BathOIith9 Coloradooo..oo...o.....o-.o......j313
Alpha-lead ages of zircon samples from the rocks of

the Boulder Creek B&thOlithg ColoradOescecsecesssssccccsce 316
Sample localities and isotopic composition of some

galena leads from Washington, Idaho, Montana and

tiSh Columbiclesoseseccessneseecsssscscssscsacccsvenccense 329
/Cu 5 ratios across a Mroll®™ structure on the

Colorado Plateﬁuooaoooeoaoo.ooo@ooo--aoo.ooooooo.ooooaoooo 333
Frequency distribution histograms of uranium in samples

of lignite and lignitic shale, North Cave Hills,

South Dakota..e..-...o.o...o.o.o.-....o.......o........... 357
Graphs showing coefficients of correlation of elements

With uran.im..'.“.o"‘.'...O‘O'OO"O'..'...'..'0.'.....'.. 358



TABLES
Table ‘ Page
l. Grain sige and chemical analyses of rocks from dia-
tremes in the Hopi Buttes area, Arizona.....o.....g....... 80
2. Mumbers of holes logged and percentage contaminatedssecsseses 109
3. Classification of uranium content in different trees,
' Elk Ridge, Ub3heeasscosesscnssscscaossssssscsssssssssssese 116
L+ Average selenium content of pyrite and marcasite
associated with sandstone-type uranium depositsgeecsecescecs 124
5. Minor elements in six sandstone samples and soluble
fractions (HCl) from the Henry Mountains mining district.. 132
6. Minor elements in six sandstone samples and soluble
fractions (HNO3) from the Henry Mountains mining district. 134
7. Minor element content of Salt Wash sandstone samples
and soluble fractions, district-wide investigationseeessces 138
8. Minor element content of Salt Wash sandstone samples
and mudstone samples from the Blitz mlne....o..p.......’.. 139
9. Minor element content of Salt Wash sandstone samples
from the Jim.Dandy‘mlneo.......ooo.............o.n...o.... lhO
10. Minor element content of Salt Wash sandstone samples
adjacent to a mineralized fossil log, Blitz minesescececes 141
11. Minor element content of Salt Wash sandstone samples, )
intermediate-scale lnvestlgatlons...-..........q.......o.. 2
12, Physical properties of cores from Lisbon Valley
experimental drill holeSececsssscecsvssosssnseccssssscscss 161
13. Average and range of values for three parameters of
grain-size frequency distribution, Inyan Kara and
other roCKSocceessecscocesssssssccecssnsssncosessssassssans 169
14. Analyses of selected elements in samples of mineralized
sandstone from the Poison Butte claiMecsscecesscosssscsssse 190
15. Comparison of analyses of mineralized sandstone in the
Ehybell—iay ATBRuosessccssossssssscosssorecsssagssssessseas 14
160 Results of water Bampling, MBybell—Lay '€ esecsccssscvssvcee 197
17. Analyses of selected elements in waters from the Maybell-
Iﬁy BB et 000006000000000006600060000600003006086060000600000000 199
18, Summary of uranium analyses of water samples from _
eastern Montana and the DakolaSeeeccsscssssssccscvscccsnse 2&0
19. lLocalities in eastern Montana and the Dakotas where
water samples show anomalously high uranium contentSeecees 241
20, Chemical analyses of representative samples from rocks
from eastern Montana and the DakotaSesescesssscssacssesece 2#&
21, Percentages of heavy minerals in rocks exposed in the
Cave Hills area, South Dakotaceceesssscecscacccsnsssssssse 25&
22, Uranium contents of shales of the Des Moines seriessesscesse 261
23. Uranium content of samples from the Wichita formation

of the Red River v&llayoooooooo.oooooo.aoOt.ocoooooooocooa 265



1

Comparison of stratigraphy of drill holes in northern

Florida with stratigraphy of land-pebble districtessceeses 277
Analytical services and sample inventory, December 1,

1955 - May 31, 1956000-IOOQQOOQOQOOOIQQOIQuO.O.ODQ.OO.‘O.O 291
Results of two methods of sample preparation for radio-

a@tiﬁty cmtingtOOOQOQOMOQGoOooooc-o.oooo.cticcoooooo. 292
Completed chemical determinations, December 1, 1955-

M 31’ 1956...‘00‘.......9...“'.....ﬁ........'...'.'.‘.. 3&
Alpha activity of zircon from rocks of the Boulder

Creek Batholithu.....u.......'..o.......;..;a....cco.... 31‘;
Uranium contents of granites in the White Mountains

magma. series, New Hampshire.......n.....-...oeunu.uu 318

g a of minerals from intrusives in Baja Californike. 322

Pb206/pb20L, PLR07/Pb20L, Pb208/Pb20L, PbR06/Pb207 ratios )

of Blind River smnplesocoocooooccoot-ooooooo.oocoo‘.ooooco 323
Calculated ages in millions of years of Blind River

uraninite samples.uu....u.........u...u..es.uoo”o.. 325.
UR35/U238 ratios of samples from the Colorado Plateaulesessce 334
Data on impregnated sandstone from old adit, Temple

Mountain, Utal‘l...'....o‘i'....0.0..‘00."................. 336
Data on impregnated sandstone from Black King mine,

Placerville, Coloradoo.o.“..u..........-..o..o"....o“. 336



15
INTRODUCTION

This report is a statement of progress during the six-months period
from December 1, 1955 to May 31, 1956 on investigations of radioactive
materials in the United States and Alaska, undertaken by the U. S.

Geological Survey under the sponsorship of the U. S. Atomic Energy Com~
mission,

The shift in emphasis of the Geological Survey'!s program from the
search for minable deposits as such toward the undefstand:i.ng of geologle
conditions favorable for uranium concentration, which was discussed in the
preceding Semiannual report (TEI-590), was continued during the period.

The exploration drilling proéfam, which has been in progress since 1947,

was concluded, and the effort is now directed toward a comprehensive nnder-l
standing of the many factors involved in uranium geology and the publication
of reports that will make available to the public information obtained in

the various studies, Many investigations have progressed to the point where
final reports have been completed or are in preparation for future publication
with the permission of the Atomic Energy Commissionj for other investigations,
especially those of a continuing nature, it will be several years before final
reports can be prepared.

Bstween December 1, 1955 and May 31, 1956, formal publications included
one Geologlical Survey Professional Paperj nine Geological Survey Bulletin
chapters; one Geological Survey Circular; 62 Geological Survey mapsy and 29
papers in scientific journals. In addition, three Trace Elements reports
were placed on open file, and five Trace Elements reports were sent to the
Technical Information Extension of the Atomic Energy Commission for wider

distribution and sale to the public. The 61 papers prepared during a former
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period for the United Nations International Conference on Peaceful Uses
of Atomic Energy were published in-the Proceedings of the Conference,
Volume 6, Geology of uranium and thorium, in June 1956, These and addi‘bionai
related papers, some of them in enlarged and revised form, were published
also in Geological Survey Professional Paper 300, which was issued during
the early summer of 1956. Also, a total of 22 papers were given before
scientific organizmations by geologists on the program.

Publications issued on various phases of the geologic investigations
of radicactive deposits during the period are listed in this report under

the descriptions of the various projects.
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HIGHLIGHTS,
GEOLOGIC INVESTIGATIONS OF RADIOACTIVE DEPOSITS
DECEMBER 1, 1955 - MAY 31, 1956

Urariium in sandstoneftype deposits on the Colorado Plateau

Geologic mapping

During the period geologic mapping and related studies were garried
on in the following areas: Bull Canyon district, Colorado; Slick Rock
district, Colorado; Uravan district, Colorado; Western San Juan Mountains,
Colorado; Ute Mountains, Colorado; Gateway district, Colorado and Utahj
Sage Plain, Utah and Colorado; La Sal Creek area, Colorado and Utah; Lisbon
Valley, Utah and Colorado; Moap-~Inter-river area, Utah; Orange Cliffs area,
Utah; San Rafael Swell, Utah; Circle Cliffs area, Utah; Elk Ridge, Utah;
Abajo Mountains, Utahj East Vermillion Cliffs area, Arizonaj; Grants area,
New Mexicoy Laguna area, New Mexicoj; and Hopi Buttes, Arizona.

Results of drilling on Wild Steer Mesa in the Bull Canyon district,
Colorado, indicate that the uranium-vanadium mineral deposits occur in
east-trending groups, bordered on the north and south by unfavorable ground.
The Navajo sandstone and Kayenta and Wingate formations were not cut by a
hole drilled from the Morrison formation into the Cutler formation in the
Jo Dandy area. Drilling in Dry Creek Basin indicates the presence of a
synclinal structure bordering the northeast flank of Gypsum Valley. Within
this synclinal structure the lithology of the Salt Wash member varies

greatly.

Exploration drilling has been completed in the Slick Rock district,
Colorado. Stratigraphic data show that most of the sedimentary formations
exposed in the district are thicker along the Disappointment syncline than
along the adjacent Dolores anticline. Fossils from the Burro Canyon formation
in the Slick Rock district corroborate the formation's Early Cretaceous age
and its correlation with the Cedar Mountain formation. Fossils from the
lower 855 feet of the Mancos shale identify the rocks successively as of
Greenhorn, Carlile, and Niobrara ages. Heavy-mineral studies suggest that
two types of diagenetic changes took place after deposition of the sediments,
one under oxidizing conditions and one under reducing conditions in the pres-
ence of carbonaceous material. A third type of alteration took place later
and was associated with deposition of the uranium-vanadium ore deposits.

Preliminary results of studies of drill holes show that on Club Mesa
in the Uravan district, Colorado, nearly all the known ore deposits occur
where the host Salt Wash sandstone member is 30 feet or more thick and is
in contact with 6 inches or more of gray or green mudstone or siltstone.

' Based on these criteria, about 10 percent of the explored area on Club Mesa
is believed to be geologically favorable for the occurrence of ore.
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Ignenus rocks of the Placerville, Little Cone, and Dolores Peaks
quadrangles in the Western San Juan Mountains, Colorado, are apparently
associated with three major centers of igneous activity. Microgabbro
and basaltic andesite dikes and sills are related to laccolithic intrusives
that lie partly in the Gray Head quadrangle. Microgranogabbro dikes and
s8ills in the Little Cone quadrangle ere related to a zoned granogabbro-
adamellite-granite stock in the Dolores Peaks and Mt. Wilson quadrangless
Quartg latite dikes and sills are not as definitely related to a center of
igneous activity, but mey be derived from a center in the northwestern
part of the Dolores Peaxs quadrangle, Lamprophyric dikes and sills and a
basalt flow do not appear to be related to these three centers.

Most of the rocks of the Ute Mountains, Colorado, igneous complex are
diorite and andesite porphyries, Dacites, quartz monzonites and a
lamprophyre, possibly spessaritite, are present. The groundmass of many
of the porphyries is too fine for the mineralogic composition to be deter-
mined microscopically, but is probably more acidic than the phenocrysts.

Most of the known uranium-vanadium deposits containing minable ton-
nages of ore in the western part of the Gateway district, Colorado and Utah,
are in sandstone lenses in the upper half of the Salt Wash member of the
Morrison formation of Jurassic age. Light gray and light brown sandstone
that contains green mudstone splits and carbonaceous material is the most
favorable host rock. The major uranium-vanadium producing area on Beaver
Mesa in the district is in a structural low that trends northeast and is
1l to 1.5 miles wide. Principle uraniwm-venadium ore minerals are uraninite,
montroseite, coffinite, and corwvusite,

Compilation of data on the uranium-vanadium mines in the Sage Plain
area, Utah and Colorado, shows that about 65 percent of all the ore has
been produced from within 50 feet of the Salt Wash outcrop, A qualitative
study of the bleaching of red sandstone and mudstone of the Sait Wash member
of the Morrison formation indicates that solutions of peat and water at room
temperature are capable of bleaching reddish sand in a relatively short time
by the reduction and solution of ferric iron.

Structure contours drawn at intervals of 10 fest at the base of the
ore-bearing sandstone unit in the La Sal Creek area, Utah and Colorado,
indicate thst the larger deposiis are found in depressions or scours and
on the flanks of noses or ridges within and along the margins of major Salt
Wash stream courses. In conjunction with lithologic guides these features
may narrow the area to be sesarched for concealed ore depositse.

Geologic mepping and study in the Iisbon Valley area, Utah and Colorado,
indicates that a distinetive chert which occurs near the base of the Chinle
formation may be genetically related to the uranium deposits and thus may be
a useful guide in prospecting for new deposits. Mapping of the surficial
deposits has establisned the presence of rubble deposits which are cemented
in part by pink caliche which may mark an erosion surface of Tertiary age.
Samples of recent stream sediments from areas known to contain copper minerals
have been divided by means of heavy ligquids and the Frantz magnetic separator
into several fractions including one fraction rich in copper minerals, Where
copper minerals are associated with uranium ore deposits, the detection of
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abnormal amounts of copper in recent sediments by this method may be a
useful guide to the uranium deposits.

The uranium deposits in the Moab part of the Moab-Inter-river area,
Utah, can be divided into two groups on the basis of structure and ratio
of vanadium to uranium. The first group are bedded deposits in the Cutler
and Chinle formations, most of which appear to be related to small sedi-
mentary structures. The V:U ratio in this group is about 1l:4 and both low
and high valent minerals are present, Microscopic examination indicates
that the uraninite is younger than the sulfides and most of the calcite.
The second group consists of deposits in the Rico, Cutler, and Chinle
formations along faults on the Cane Creek anticline. The V:U ratio is
about 2:1 and several rare minerals are present. One possible explanation
for the higher V:U ratio in this group is accumulation from crude oil that
migrated up the faults.

Available data indicate a geographic association of uranium occurrences
in the Happy and Hatch Canyon area in the Orange Cliffs area with northwest-
trending faults and fault zones, pinchout zones of the Monitor Butte and
Moss Back members of the Chinle formation, and minor structural terraces and
contiguous monoclines. Polished section studies of mineralized-chert indicate
the following paragenetic sequence: chert, pyrite, sphalerlte, digenite,
covellite, tetrahedrite or tennantite, calcite.

Isopach maps of the upper part of the Moenkopi formation in the San
Rafael Swell, Utah, using mapped marked beds in the Moenkopi as datum sur-
faces, indicate that a Permian anticlinal fold, oriented northwest-south-
east across the center of the Swell, may have been rejuvenated at the end
of Moenkopi time. This slight uplift may have had some influence on sedi-
ment deposition during Chinle time which resulted in some areas being more
favorable for uranium deposition than others.

Geclogic mapping has delineated two areas in the Elk Ridge area, Utah,
which contain Chinle sandstone beds favorable for uranium ore deposits, The
positions of the ore deposits appear to be controlled by the proximity of
Chinle sandstone to the Moenkopi-Chinle contact. It is suggested that the
ore solutions may have moved through the Moenkopi rather than through the
generally less permeable Chinle.

The Abajo Mountains, Utah, consist of an igneous core that intruded and
arched the sedimentary strata. The mountains are rimmed by small domes
formed of sedimentary rocks and underlain by igneocus material; these are
. tentatively interpreted as laccoliths. Wherever exposed, the igneous rocks
are similar in composition and texture and are classified as porphyritic
hornblende latites. The rocks consist of subhedral to euhedral phenocrysts
of andesine and hornblende in a very fine-grained groundmass. Chemical analyses
of the igneous rocks indicate a potassium range from 1.22 to 3.96 percent.
Most of this potassium is contained in the groundmass. Uranium-vanadium ore
deposits are in the Salt Wash member of the Morrison formation of Jurassic
age. The uranium-vanadium content is about 1:10 and the carbonate content is

high.
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Almost - all of the known uranium mineralization in the East Vermillion
Cliffs area, Arizona, occurs in the Shinarump member of the Chinle formation
and in the Moenkopi formation at or near their contact in channel scours.
Uranium minerals identified are metatorbernite and betazippeite. In the
majority of samples the content of equivalent uranium (radiocactivity) is
less than the content of uranium (chemical analysis). This suggests a
possible age of less than one milliion years for the minerals.

Correlation of measured sections in the Grants area, New Mexico, shows
that members of the upper part of the Morrison formation are highly lenticular.
Structural and analytic data indicate that lLarge uranium ore bodies may be
confined to shallow northeasterly trending synclines and that the original
metallic composition of the ore may have been slightly changed by subsequent
downdip migration of some of the metals.

The most prominent fracture pattern in the Laguna area, New Mexico,
comprises two nearly vertical joint sets, striking N. 37° E. and N. 13° W.
High angle faults approximately bisect the acute angle between the joint
sets. The formation of this fracture pattern was essentially contemporaneous
with the intrusion of the igneous rocks, which in the area include flows and
volcanic plugs of olivine basalt and clivine andesite and dikes and sills of
diabasic gabbro and diorite. Sills in the Sandy mine area include younger
aplitic to pegmatitic rocks of granitic to syenitic composition. These sills
have metamorphosed the enclosing sedimentary rocks in zones as much as 10
feet thick.

Uraniferous limestones from diatremes in the Hopi Buttes, Arizona, are
interpreted as dolomitic travertines contaminated with varying amounts of
quartz silt of probable eolian origin and subordinate amounts of volcanic
detritus. In addition to uranium the travertines contain more than normal
concentrations of sodium, phosphorus, strontium, molybdenum, vanadium, copper,
nickel, cobalt, arsenic, and selenium, This assemblage of elements suggests
a genetic relation between the solutions from which the travertines were
precipitated and the associated wvolcanic rocks.

Photogeologic quadrangle mapping was confined principally to south-
western Utah and northern Arizonas Isopachous mapping of the Moenkopi-
Hoskinnini interval in part of the White Canyon area, Utah was completed.
During the period the 32 maps of quadrangles in the Colorado Plateau were
completed at a secale of 1:24,000, and maps of 50 quadrangles were published.

Subsurface geologic investigations by drilling

Diamond drilling to test geologic concepts has been completed in the
Disappointment Valley area, San Miguel County, Coloradog the Kirk's Basin-
Taylor Creek area, Grand County, Utahj the Deer Flat and Clay Gulch areas,

San Juan County, Utahj and the El Capitan Flat area (Oljeto Wash), Navajo
County, Arizona. Diamond drilling undertaken to test geophysical data obtained
in the El Capitan Flat area (Oljeto Wash) has led to the discovery of three
uranium deposits. :
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General stratigraphic studies

A summary of stratigraphic features associated with uranium deposits
of the Colorado Plateau shows that groups of ore deposits are associated
with a number of regional stratigraphic features and that individual ore
deposits are related to small-scale stratigraphic features. The association
of uranium deposits with continental sediments, particularly with fluvial
sandstones, focuses attention on the field interpretation of depositional
environments and emphasizes the need for additional observations of deposition
in modern continental environments,.

The members of the Morrison formation were correlated in subsurface
from the western edge to the southern and eastern margins of the San Juan
Basin, A reference map showing oil and gas tests on the Colorado Plateau
was prepared and a series of base maps of the formations of the Plateau was
started for the recording and accumulation of thickness data.

Preliminary study suggests that the pinchout of the Lukachukai member
of the Wingate sandstone of Triassic age in the northern part of the Defiance
uplift and the southward thinning of the Rock Point member of the same :
formation beyond the limit of the Lukachukai is caused by erosion prior to
the deposition of the overlying Entrada sandstone.

Lithofacies studies of the Moenkopi formation of Triassic age suggest
an irregular gradation from a unit composed dominantly of horizontally
laminated and structureless mudstone in southwestern Utah and northwestern
Arigona to a unit composed dominantly of cross—stratified sandstone near
the eastern margins of the formation in east-central Arizona and west-central
Colorado. The upper part of the Chinle formation is predominantly horizontally
laminated and structureless mudstone in the Circle Cliffs, Capitol Reef, and
southern San Rafael Swell areas in south-central and central Utah and contains
a large amount of cross-stratified sandstone in the eastern San Rafael Swell,
Moab, and Big Indian Wash areas.

The Shinarump member of the Chinle formation shows a westerly direction
of sediment transport in the Hurricane Cliffs area of southwestern Utah and
southeastern Nevada, and a northeastern trend along the Mogollon Rim in east-
central Arizona. In the Defiance uplift, the Shinarump member shows a vari-
able direction of transport ranging from northeast through northwest to
southwest ,

The pebbles in the Shinarump member are dominantly sedimentary ortho-
quartzite and chert along the southwest portion of the outcrop of the member
and dominantly quartz in the northeast portion of the outerop of the member,
Igneous pebbles are present in the Shinarump member and in the Sonsela sand-
stone bed of the Petrified Forest member of the Chinle formation in parts of
northern Arigona and west-central New Mexico.

Petrographlc study of the sedimentary formations on the Colorado Plateau
was extended to rocks older than those of Triassic age to look for characteristlcs
similar to those of the known Triassic ore-bearing rocks. - A suite of ‘samples
from the Grand Canyon of the Colorado River was studied and compared with a
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suite from Capitol Reef, Utah. The older formations represented range.. in
age from the Bass limestone of Precambrian age to the Kaibab limestone of
Permian age. Comparisons were made of grain size, potash feldspar content,
kaolin clay content and proportions of chemical components. The Shinumo
quartzite of Precambrian age was found to resemble most closely the ore-
bearing Monitor Butte and Shinarump members of the Chinle formation of
Triassic age.

Regional synthesis

Study of the geology of uranium deposits in the Thompson district,
Utah, indicates that ground thought to be relatively favorable for signif-
icant uranium deposits in the Salt Wash member of the Morrison formation in
this district is essentially confined to an ancient stream channel system
* which trends northeasterly through the Yellow Cat area towards the town of
Cisco, Utah,

About 600 gamma-ray logs taken from about 500 drill holes in the
Todilto limestone, near Grants, New Mexico, were evaluated to study the
relations of radon concentrations in the holes to the uranium deposits,
the degree of radon concentration, and the behavior of the radon when
flushed from the hole by compressed air or water. About 20 percent of
the holes logged were found to have abnormally large radon concentrations,
or contamination. The contamination showed a close spatial relation to the
uranium deposits and a direct relationship to the uranium content of the
mineralized material. The contamination also is related directly to the
time that elapsed between drilling and logginge.

In the Green River and Henry Mountains districts, Utah, primary sedi-
mentary features, especially channels and the relative discontinuity of
beds near regional pinchouts, are thought to be the principal ore controls,
Belts of relatively favorable ground from 10 to 25 miles wide are inferred
adjacent to and peralleling regional pinchouts of the Shinarump, Monitor
Butte, and Moss Back members of the Chinle formation. Another favorable
area is inferred on the southwest flank of the Moab anticline where con-
centrations of sandy stream deposits may provide host rocks favorable to
the occurrence of uranium deposits.

Botanical studies

A chromatographic field test for uranium in plant ash which should
be fast, easy, and useful to the prospector is under development. Analyses
of plants from the Penasco Hot Springs, Sandoval County, New Mexico show a
high radium content.

Recent study indicates that cutoffs in parts per million uranium between
background and anomalously large uranium contents of trees differ in various
tree species. Because the cutoffs appear to differ only slightly from 1.0
ppm uranium in the ash of all branch-tip samples of evergreens studied, a
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1.0 ppm cutoff still can serve to define botanical anomalies., For aspen,
however, a 1.0 ppm cutoff appears to be too large, and 0.5 ppm is tentatively
recommended.

Mineralogic studies ,

Uraninite and coffinite are the major uranium minerals of unoxidized
ore deposits in the Salt Wash member of the Morrison formation, and are
best developed where they replace coalified wood. Montroseite and vanadium
clays are the major vanadium minerals of these deposits. Sulfides are minor
in most deposits; pyrite and marcasite are the most common. Coalified wood
is associated with these deposits and varies in character from black, hard,
opaque material associated with uranium and vanadium minerals to brown, soft,
semitranslucent material that is not radiocactive and cqntains no uranium or
vanadium minerals,

Studies of clay minerals in Triassic formations show that in south-
western Colorado chlorite is present instead of kaolinite in the Moenkopi
and the lower part of the Chinle formations. Studies of clays from atratﬂ-
graphically equivalent mineralized and unmineralized rocks in White Canyon
and Lisbon Valley, Utah, show no difference in the type of clay.

Studies of the clay minerals of the Morrison formation indicate the
clays of the Salt Wash member are illitic, and those of the Brushy Basin
member are montmorillonitic. The montmorillonite in the Brushy Basin member
is probably of volcanic origin as evidenced by the shards found in samples
of silicified shale,

Mineralogic study of sandstone-type uranium deposits in the Colorado
Plateau, Wyoming, South Dakota, and Texas has given a general picture of the
types of uranium ores, the nature of the primary ores, the sequence of
oxidation, and the leaching and migration of uranium., Investigation of the
sulfide minerals in several samples of primary ore (unoxidized) has given
evidence that the temperature of formation of the uranium deposits in the
Colorado Plateau was probably less than 1380 C. It was found that, the
selenium content of the sulfides:.in ore is related to the selenium gontent
of the enclosing sedimentary rocks in the Colorado Plateau but not in the
Wind River basin of Wyoming.

Preliminary results of geochemical prospecting studies in the Henry
Mountains district, Utah, suggest that abnormal amounts of vanadium in
 elther the total rock or the soluble fraction; of copper, lead, and zinc
in the soluble fraction; or of uranium in the total rock can serve to
delineate broad areas in the district favorable for more detailed pros-
pecting. Vanadium in soluble fractions of samples taken more than 100 feet
from known ore varies from less than 15 to 840 ppm and the vanadium content
is, in general, inversely related to the distance from ore.
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Geophysical investigations

Characteristic magnetic patterns appear to be associated with some
of the major uplifts of the Colorado Plateau, indicating that they may
be underlain by basement rocks of different composition from those in the
intervening basins.

Compilation and interpretation of geophysical data obtained in the
Monument Valley, Arizona, show that the interpretation of seismic re-
fraction measurements can be successfully used to delineate buried Shina-
rump channels where the Monitor Butte member of the Chinle formation is
thin, absent, or badly weathered.

Electrical resistivity horizontal profiles made over a known Shinarump
channel covered by 40 to 80 feet of Monitor Butte sediments were successful
in indicating the presence of the channel. Experimental electrical measure-
ments employing a modified version of the potential drop-ratio method were
also made over the Shinarump channel. The results were sufficiently
encouraging to warrant further testing of this method.

Original-state core studies

Analyses of physical properties of cores from the Lisbon Valley, Utah,
experimental drill holes in uraninite terrane show that desaturated sand-
stone with pore water of higher salinity is continuous with underlying
sandstone containing ore. A few feet above the ore the water content of .
the sandstone increases and the salinity decreases. In the ore zone streaks
of higher and lower residual water saturation alternate.  Downdip within
50 feet the average permeability of the ore sandstone increases from 99 to
3,115 millidarcies, the sandstone becomes completely barren, and the water
saturation rises to such a high value that the presence of circulating
ground water can be assumed. Nearly all the presently determined relations
have been previously found for carnotite terrane in Long Park and for blue-
black terrane in Bitter Creek, and none of the presently determined relations
disagrees with those previously found in Long Park and Bitter Creek.

Uranium in sandstone-type deposits outside the Colorado Plateau

Black Hills uplift, South Dakota and Wyoming

To determine whether a significant amount of uranium is present along
the outer margins of thermoluminescent calcium carbonate cemented bodies in
the southern Black Hills, a limited core-drilling program was carried out
using a channel sandstone as the target. The sandstone is almost completely
impregnated with calcium carbonate at one exposure but at another exposure,
about 3% miles away, the amount of calcium carbonate is negligible. Drill
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holes were spaced about half a mile apart between the exposures, the
objectives being to locate the margin of the cement and to determine
whether turanium minerals are associated with ity This drilling, which
was guided entirely by geologic information on conditions favorable for
ore occurrence, penetrated a large mineralized body containing uraninite
in the uncemented part of the channel.

Mechanical analyses of material previously mapped as dune sand in the
southern Black Hills corroborate field evidence indicating that the deposits
are probably terrace alluvium surficially modified by wind.

Some reworked uraniferous Inyan Kara sandstone boulders have been
found in gravel of Chadron(?) (Oligocene) age. This suggests that the
uranium mineralization in the Black Hills occurred during pre-White River
and post-Fall River time.

Powder River Basin, Wyoming

Analyses of samples from the Southern Powder River Basin show that
montmorillonite is the predominant clay in white sandstone lenses. The
alteration of volcanic material to clay has altered the original red or
drab color of the sandstone. Vanadium-uranium ratios in deposits are
approximately 1:1.

Wind River Basin, Wyoming

The uranium ore in the Gas Hills area is restricted to the upper
coarse-grained facies of the early Eocene Wind River formationg where
uranium occurs mainly as autunite in the oxidized zone, and as uraninite
in the unoxidized zone. Recent company drilling in the area indicates
the presence of large ore bodies, the tops of some of which coincide with
the nearly horizontal present day ground water table. At some localities
the ore appears to transect beds in the Wind River formation which dip
about 2 degrees to the southe Selenium has been found in association with
uranium ores at several new localities.

Washakie Basin, Colorado and Wyoming

The Baggs area, in southern Wyoming and northern Colorado, includes
outliers of the Browns Park formation of Miocene age which have an areal
extent of about 80 square miles. Petrographic studies show that most of
the uranium deposits in the Browns Park formation occur in or below the
transition zone between the nontuffaceous and the overlying tuffaceous
facies. Uranium in secondary minerals is scattered throughout the yellowish-
brown oxidized zone, but uranium, selenium, arsenic, and molybdenum are
concentrated, locally, in the lowermost part of the oxidized zone. The
oxidized zone is related to an ancient water table and is underlain by a
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bluish-gray unoxidized zone at depths ranging from 20 to 70 feet.

In the Maybell-Lay area, Moffat County, Colorado, chemical analyses
as high as 0.80 percent uranium have been obtained from samples of sand-
stone of the Browns Park formation of Miocene age. Heavy mineral studies
show that three zones containing distinctive mineral assemblages are
present in the tuffaceous facies which thickens to the west: a basal
gone 500 to 700 feet thick containing abundant augite; a middle zone about
300 feet thick containing abundant hornblende; and an upper zone 500 feet
or more in thickness containing abundant hypersthene. All samples of
mineralized sandstone in the area contain a high amount of barium and some
contain appreciable amounts of copper and rare earthsg

Arizona

Stratigraphic studies of the Dripping Spring quartzite in Gila County,
Arizona, indicate that the source area for the clastics may be to the
south, in contradiction to eariier hypotheses. The original basin of
deposition (Apache basin) may have been larger than earlier supposed,

Study of the diabases spatially related to the uranium deposits in-
dicates that the rock-forming elements have differentiated in a normal
manner and that the diabase bodies now contain less uranium (copper and
cobalt) than the original magma; The behavior of cobalt, copper, and’
vanadium is more erratic, Metamorphism of siltstone adjacent to diabase
is accompanied by very little, if any, compositional change although the
rock is completely recrystallized to hornfels. lLead isotope determinations
on two galenas from one of the deposits give conflicting Pb207/PbR06 ratios.
One would indicate a Tertiaxry age, the other an age of 1,125 million years,
An age of about 730 million years was determined on uraninite by the con-
troversial unit-cell dimension method.

Uranium in veins, igneous rocks, and related deposits

Studies of the Tertiary intrusiye rocks in the central part of the
Front Range mineresl belt, Colorado, show that these rocks probably con-
solidated from two magma series and that both wranium and thorium were
concentrated during differentiation of each series. The maximum enrich-
ment in the radioactive elements took place in the youngest members of
the series. Uranium, which was deposited in faulits as pitchblende, was
given off by late-stage, aqueous flulds of quartz bostonite and possibly
also biotite-~quartz latite magmas.

Studies of the two major types of quartz monzonite found near the
Midnight mine in Stevens County, Washington, show that the porphyritic
variety is more radiocactive than the non-porphyritic variety. Tertiary
sediments south of the Midnight mine contain torbernite-group minerals
disseminated in tuffaceous sandstones and carbonaceous seams; locally the

uranium content appears great enougnt to constitute ore.
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Laboratory studies of the volcanic rocks of the Thomas and Dugway
Ranges, Utah, have shown that these rocks are more palic and poorer in
ferromagnesian minerals than either the average rhyolite, or rocks of
similar sequences at Paricutin, Mexico, and Crater Lake, Oregon., In the
Thomas Range rocks of the younger volcanic group, all of which are quite
similar in composition, show no systematic variation in composition with
time. The uranium content of the younger volcanic group is at least three
times that of the average rhyolite in the western United States.

The epigenetic uranium deposits in the Kern River area, California,
are small and are principally associated with regional fractures; the
largest and richest deposits are in shear zones associated with one of-
the regional fracture sets. Most of the deposits are rich in autunite,
but black ore, characterized by sooty pitchblende, conspicuous secondary
molybdenum minerals, and minor fluorite forms the core of some autunite-
rich deposits.

Analyses of 442 igneous rocks -essentially complete the first phase
of an investigation of the use of acid leaches in studies of the uranium
geochemistry of igneous rocks. The results of this study will be used to
find a leaching technique that will discriminate more clearly between
uranium in rock mineral structures and that present in other situations
in a rock fabric. Some results of the experiments now being completed
appear to be negative, due generally to the fact that point-to-point
variations in the uranium content and leachability of rocks are considerably
greater than changes possibly due to geologic process or position. In gen-
eral, data indicate that concurrent leaching of rock substance during
weathering tends to mask any changes in uranium content due to weathering,

Studies of the reliability of using small 4-5 gram single fragments
as samples of an igneous rock, in place of mechanical splits of larger
samples, establish the surprising conclusion that these small samples
yield more reliable data than splits of larger samples.

In a study of the disposition of uranium along the differentiates of
the Apache diabase, Dripping Spring uranium district, systematic variations
of uranium content and leachability were found among the differentiates,
The experiment was repeated with copper, cobalt, and vanadium. From these
data, it appears that copper and cobalt were probably lost in part from
the diabase and that they and vanadium have been sporadically redistributed
within the diabase since its crystallization.

Uranium in carbonaceous rocks

Most of the ore-grade lignite deposits of eastern Montana and the
Dakotas are in shallow post-Oligocene synclines and a close relationship
exists between degree of mineralization, permeability of the enclosing
rocks, and proximity of the receptor beds to the pre-Oligocene erosion
surface. Geochemical studies of lignite ash indicate that uranium, vana-
dium, arsenic, and molybdenum are among the elements present in uranifer-
ous lignites, Analyses show similarly greater amounts of these elements
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in water residues from late Tertiary tuffaceous rocks than in those from
Cretaceous sandstones and shales.

Core drilling in the E lignite bed of the Riley Pass area of the
North Cave Hills indicates that the highest amounts of uranium generally
occur in structural troughs even though the structural relief is less
than 10 feet. Statistical studies indicate that an increase in uranium
is associated with increases in molybdenum, arsenic, phosphorus, sulfur,
scandium, vanadium, and zirconium, and with decreases in selenium and
iron.

A bed of phosphatic mudstone, 0.3 to 1.0 foot thick, at the Lonesome
Pete mine containes as much as 0.6 percent uranium and 17 percent P205,
Dolomite and phosphate in this mudstone, together with marine shark re-
mains in the associated rocks, suggest a marine origin.

Uranium in phosphate

Twelve drill holes in the Hardrock phosphate field, Florida, pro-
vide good sections through the Hawthorn formation and younger sediments.
The stratigraphic sequence in most holes is: loose sand (top); clayey
sand; clayey sand with coarse or fine phosphate; sandy phosphatic dolomite
resting unconformably on Ocala limestone, This sequence is lithologically
similar to that of the Bone Valley and Hawthorn formations in the land-
pebble phosphate district, In nine of the twelve drill holes, radioactivity
anomalies are at the top of the phosphatic beds or at the base of the over-
lying clayey sands, The position of the radioactive zone corresponds to
that of the aluminum phosphate zone in the land-pebble district. Radio-
activity anomalies occur also in unweathered phosphatic clayey sands and
dolomite beds below this zone,

Uranium in natural waters

Progress was made in developing criteria for discriminating by hydro-
geochemical techniques between mineralized ground and uranium ore deposits,
especially in tuffaceous formations, and for discriminating between natural
secondary uranium hydrodispersion haloes and the artifical effects of
‘beneficiation by test drilling or mining. Beneficiation of ground water in
a dry region (Karnes County, Texas) by test drilling resulted within the first
year in an average increase of 3 times in the uranium content of surface
streams nearby. A decreasing content of vanadium in ground water with
depth suggests a zoning of vanadium with the greatest concentration in the
upper part of the uraniferous section.
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Correlation of airborne radiocactivity data and areal geology

Airborne radioactivity surveys over part of the Texas Coastal Plain
and in the vicinity of Galax, Virginia, indicate that lithologic units
are distinguishable by the background radicactivity intensity measured
above them. Airborne radiocactivity surveys in Marquette and Dickinson
Counties, Michigan, show that local variations in rock type are not
distinguishable by airborne radiocactivity measurementsg Areal extent
of outcrop controls the amplitude of the radioactivity anomaly. Surveys
in East Pine Ridge Escarpment and Pine Mountain, Wyoming, show that
elevation above the ground introduces difficulties in correlating radio-
metric measurements with geologic units in these areas.

Studies of the drift characteristics of radioactivity detection

equipment tend to preclude contouring of airborne measurements as a signif-
icant drift may be inherent in the equipment.

Reconnaissance for uranium in Alaska

Radiocactivity anomalies were found on southern Prince of Wales Island,
Gravina Island, and near Skagway. Laboratory work has indicated that the
mineralization at the Ross-Adams Lode on southern Prince of Wales Island is
not closely related to the nearby pegmatite depositsy, It is of hydrothermal
origin but no structural control has been recognized.

Analytical service and research

Studies on samples of Conway granite show that the mean of the cal-
culated thorium values (i.e., subtracting the uranium and the potassium
counting equivalents from the radicactivity and multiplying the remainder
by the U/Th counting rate ratio) may be used as an estimate of the mean of
the determined thorium.

Results of all complete radiochemical analyses of disequilibrium
samples performed to April 1956 were tabulated and classified according to
type of equilibrium. Design and fabrication of a gas-scintillation counter
is progresigng satisfactorily, and measurements concerned with the half-
life of Th<>2 are continuing.

During the period, a study of a method for determining the hafnium-
zirconium ratio in zircon was completed.

In studies of the distribution of 27 minor elements in low-rank coal
ashes from four states a possible correlation between uranium and molybdenum
was indicated for the Dakota coals, High concentrations of tin, copper, and
zirconium were found in the coals from Milam County, Texas.
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Infrared spectroscopy was applied to the analysis of a variety of
organic and inorganic samples, contributory to the work of other projects.

Research projects involved analyses of tectosilicates and synthetic
vanadates, and investigation of methods of solid-state sampling.

Generally applicable rapid methods for the determination of 0.001
percent or more of thorium dioxide in rocks and 0.0l percent or more of
thorium dioxide in ores were developed. Work continues on the final
objective—-the development of a method for the determination of 0.0001
percent (and possibly less) of thorium dioxide in rocks.

Preliminary work was completed on the cooperative investigation of
the lead content of standard granite sample G-l. Determinations on samples
from five randomly selected bottles of G-1 averaged 48 ppm lead.

An automatic titration apparatus was constructed and tested for use
in the ethylenediaminetetraacetic acid complexometric titration of calcium
and magnesium.

Thenoyltrifluoracetone (TTA), was found to give a color reaction with
uranium which is about six times more sensitive than thiocyanate. The
reagent is being evaluated for the spectrophotometric determination of
uranium. Optimum conditions were established for the reaction with pure
uranium solutions.

A flame photometric method was developed during the period for calecium
in rocks and a similar method is being studied for magnesium. A method was
developed for reducing the interference of chromium in colorimetric phosphorus
determinations, and a semi-micro carbon and hydrogen train was set up. A
rapid method for the determination of uranium was designed for use at the
. Atomic Energy Commission sub-office at Spokane, Washington.

Thirteen chemists from various organizations within and without the
United States were trained in methods for the determination of uranium.

Geologic and petrologic research

In the Amarillo-Wichita Uplift, east flank of the Big Horn Basin and
the Delaware Basin, the extensive association of uraniferous asphaltite
nodules with Permian carbonate-evaporite facies suggests that uranium is
frequently mobilized and redistributed along with petroleum and natural
gas during diagenesis of these kinds of rockse

A preliminary comparison, on the basis of uranium analyses of "Silver
Plume™ granite from Colorado, suggests that although the upward variation
in uranium content increases markedly with the size of the body being sampled,
the lower limit remains fairly constant for all at about 3 ppm. The uranium
contents of four "Silver Plume” dikes cutting the earlier Boulder Creek
batholith conform to the geographical pattern of uranium distribution in
that batholith. Results of uranium analyses on eighty 25 lb, samples of
rocks from the Boulder Creek batholith itself fall into a geographic pattern
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whereby the average uranium content for each of the four major rock types
increases approximately as follows: southern half interior » northern
half interior > northern border 2 western border. Within any one of
the geographic areas so recognized the average uranium contents fall in
the expected order, quartz diorite ¢ granodiorite & quartz monzonite
granite.

Results of alpha activity determinations upon samples of zircon
separated from 24 rocks of the Boulder Creek batholith show that the
average alpha activity increases roughly systematically with the stage
of magmatic differentiation. Approximate age determinations by the
alpha/lead method on 2 samples of zircon from Boulder Creek batholith
show that strongly crushed rocks of all types give substantially younger
ages than their uncrushed correlatives and that the same crushed rocks
have lower lead contents than the uncrushed rocks.

Oxidation potential measurements on some vanadium~clays indicate that
the ore-forming fluids in the Morrison formation may have contained vana-
dium in the quadrivalent form. There is reason to believe that in some
ore~-forming fluids the vanadium may have been transported as vanadite ion,
while the uranium was carried as uranyl carbonate complex,

Preliminary lead/alpha ages on zircon concentrates from igneous rocks

of Baja, California, are in good agreement with the average age of 105 % 10
million years obtained on 25 zircons from the Southern California batholith.
Limited isotopic data on Blind River uranium ores in the Mississagi con-
glomerate (Lower Huronian) suggest the presence of at least two generations
of radiogenic lead and an age for the present uranium ore of not older than
Paleozoic. Preliminary tests indicate that the sample requirements for mass
spectrometric analysis of lead using a modified electron bombardment source
may be further reduced from 1 mg to approximately 50 mg of Pb.

The deuterium content of water in glassy rhyolitic rocks indicates
that the water in high water content glasses is secondary. The primary
water in obsidians is reasonably uniform as to deuterium content and differs
from ocean waters.

Sea ice is enriched in deuterium by approximately 1.8 percent in
relation to the water from which it is forming.

Studies of the variation of isotopic composition of lead in lead
minerals developed new evidence bearing on the origin of metallic ore
deposits, particularly from work in progress on a suite of samples from
the Coeur dtAlene district of Idaho. The lead ores of this district are
found to contain lead of characteristic isotopic composition, similar to
other occurrences in correlative Precambrian sedimentary rocks in Montana
and British Columbia, but strikingly different from occurrences in younger
rocks throughout the region. The nature of this evidence suggests a number
of alternatives to the orthodox hypothesis that Coeur d'Alene ores are
related to the Idaho batholith in time and origing
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New studies of the relationship between plant debris and uranium on
the Colorado Plateau indicate that mineralization is accompanied by an in-

crease in organic sulfur, and by decreases in volatile content, organic
hydrogen, and Btu value. Further investigation of organic isolates from
impregnated sandstones shows them to be related to humic substances. Pile
irradiation does not appreciably change the ultimate composition of coal.

Mineralogic and petrographic service and research

X~-ray diffraction services programs show a 30 percent increase in
the volume of service work over the previous six months. A two-~dimensional
Fourier Computer was constructed for crystal structure calculations and a
high temperature diffractometer mount was constructed for clay samples.

Crystal structure studies continued on vanadium oxide minerals. Two
new compounds were characterized by structure determination in a specimen
from Carlile, Wyoming: V203.V203.3H20 and V203.2V20,.5H20. The crystal
structure of doloresite also was solved. Structure studies on liebigite
and johannite resulted in the refinement of the former and the solution of
the latter crystal structures. These structures have led to clearer under-
standing of the transport of uranium in ground waters,

Geo sical service and research

The design, fabrication and testing of several new electronic devices
are in progress. An experimental model of a new alpha probe was built and
tested. Directional response data was compiled from tests made on several
new models of scintillation probes. A "Time Interval Differentiator® was
designed and fabricated for use in isotope identification. Data were com-
piled on the characteristics of various phototube-crystal scintillation
detectors to determine counting rate as a function of temperature and
source energy.

Additional work was done on the thermoluminescense equipment and an
Oak Ridge Model DD-2 amplifier was built and put in operation. A con-
tinuously recording monitor for the Florida phosphate plants was assembled
and tested.,

Specifications for a new, stable ratemeter designed for use with
scintillation loggers were written follow:Lng extensive tests of avallable
commercial models,

Calibration of gamma-ray logging equipment used in the Florida phos-
phate district has been completed.

Experiments with a similated ore layer dipping 60° show that over-
estimations of grade and thickness will occur when gamma-ray logs from
inclined ore bodies are interpreted as originating from horizontal layers.
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A scintillation-type core scanner employing four crystals placed
at 90° intervals around the scanning area has been completed.

Research and resource studies

Study of the association of uranium with petroleum, natural petroleum
derivatives, and other natural bitumens shows: (1) a large portion of
uranium in petroleum is associated with asphaltenes; (2) uranium content
of crude oils bears no relationship to the geologic ages of the oilsg
(3) no evidence exists that petroleum acts as an ore-forming fluid for
uraniumj and (4) resources of uranium in crude oils are negligible.

Study of the relation of uranium deposits to tectonic elements in
the Cordilleran Foreland suggests: (1) clusters of deposits appear to
be preferentially located on large-scale regional structures; and (2)
deposits associated with large-scale structures are further localized
by smaller scale structures. Areas on margins of large-scale structures
where smaller scale structures have an en echelon pattern are parti-
cularly favorable for deposits.

Study of the relationship between uranium and 30 other elements in
111 samples of lignite and lignitic shales from South Dakota shows a -
positive correlation exceeding the 5 percent level of significance be~ -
tween the relative amounts of uranium and the four elements, As, Mo, Sc,
and Zr.

Study of the relationship between uranium-bearing veins and their
host rocks shows that veins are in all varieties of rocks but are most
abundant in holocrystalline igneous and metamorphic rocks characterized
by moderate to high silica contents; these host rocks have widely wvariable
chemical composition but have similar physical characteristics in that they
tend to rupture under stress rather than undergo plastic deformation.
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URANIUM IN SANDSTONE-TYPE DEPOSITS ON THE COLORADO PLATEAU

Geologic mapping

Geologic mapping as part of the uranium investigations on the Colorado
Platean was started in southwestern Colorado early in 1947. Since that
time the original program has been extended and prior to this report
period field work has been completed in the following areas: Southwestern
Colorado; Monument Valley, Arizona; Mounument Valley, Utahj Carrizo
Mountains, New Mexico; Capitol Reef, Utah; White Canyon, Utah; Red House
Cliffs, Utah; and Deer Flat, Utah. During the report period field and
office work continued in the following areasi Bull Canyon district,
Colorado; Slick Rock district, Colorado; Uravan district, Colorado;

- Western San Juan Mountains, Colorado; Ute Mountains, Colorado; Gateway
district, Colorado and Utah; Sage Plain, Utah and Colorado; La Sal Creek
area, Colorado and Utahj ILisbon Valley, Utah and Coloradoj Moab-Inter-
river area, Utah; Orange Cliffs area, Utahj; San Rafael Swell, Utahj; Circle
Cliffs area, Utah; Elk Ridge area, Utah; Abajo Mountains, Utahj East
Vermillion Cliffs area, Arizona; Grants area, New Mexico; Laguna area,

New Mexicoj and Hopi Buttes, Arigzona. '

During the report period the following papers were published on
j geologic work previously completed on the Colorado Plateaug
Cater, F. W., Jr., 1956, Geology of the Davis Mesa quadrangle,

Montrose County, Colorado, with a section on the mines by

lLeonid Brynert U. S. Geol. Survey Geologic Quadrangle Map GQ-71l.

Cater, F. W., Jr., 1956, Geology of the Anderson Mesa quadrangle,
Colorado: U. S. Geol. Survey Geologic Quadrangle Map GQ-77.

Cater, F. W., Jr., and McKay, E. Js, 1956, Geology of the Uravan
quadrangle, Colorado: U. S. Geol. Survey Quadrangle Map GQ-78,
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Jobin, D. A., 1956, Regional transmissivity of the exposed sedi-
ments of the Colorado Plateau as related to distribution of
uranium deposits, in Proc. Internatl. Conf. on Peaceful Uses
of Atomic Energy--ve 6, Geology of uranium and thorium,
pes 317-320: New York, United Nations.

Phoenix, D. A., Relation of carnotite deposits to permeable rocks
in the Morrison formation, Mesa County, Colorado, in Proc.
Internatl. Conf. on Peaceful Uses of Atomic Energy—v. 6, Geology
of uranium and thorium, p. 321-325: New York, United Natlons.

Sears, J. D., 1956, Geology of Comb Ridge and vicinity north of
San Juan River, San Juan County, Utah: U. S. Geol. Survey Bull.
1021-E.

Shoemaker, E. M., 1956, Geology of the Juanita Arch quadrangle,
Colorado: U. S. Geol. Survey Geologic Quadrangle Map GQ-8l,

Trites, A. F., Jr., 1955, Mineralogy and geochemistry of the
uranium deposits in the White Canyon area, San Juan County, Utah
(abs.): Econ. Geology, Ve 50, nos 7, pe 795,

1956, Uranium deposits in the White Canyoh area, San

Juan County, Utah, in Proc. Internatl. Conf; on Peaceful Uses of
Atomic Energy--v. 6, Geology of uranium and thorium, p. 379-382:
New York, United Nations.

Withington, Ce Fe, 1956, Geology of the Paradox quadrangle, Montrose
County, Colorado: U. S. Geole Survey Geologic Quadrangle Map GQ-72.

Bull Canyon district, Montrose and San Miguel Counties, Colorado
By Re Ms Wallace and E. S, Santos

Three areas in the Bull Canyon district were investigated by diamond
drilling during the report period: Wild Steer Mésa and Jo Dandy, within
the Uravan mineral belt, and Dry Creek Basin, outside the belt (figs. 1
and 2). | o

Drilling on Wild Steer Mesa indicates that nearly all known uranium-
vanadium ore deposits in the upper sandstone beds of the Salt Wash member
of the Morrison formation are clustered in east-trendlng groups¢ These
groups are bordered on the north and south by ground characterized by thin

sandstone beds between thick red mudstone layers; which is considered
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unfavorable for the occurrence of uranium-vanadium deposits. The ore

deposits occur where the upper sandstone beds of the Salt Wash aggregate
more than 25 feet in thickness, are overlain and underlain by as much as
several feet of green mudstone, and contain relatively abundant carbona-
ceous material.

A diamond-drill hole in the Jo Dandy area, collared in the Brushy
Basin member of the Morrison formation of Jurassic age and bottomed in
the Rico-Cutler formation of Permian age at a depth of 1,087 feet pene-
trated no Navajo sandstoné, Kayenta formation, or Wingate formation. The
absence of these units may be accounted for by pre-Entrada erosion or
nondeposition inasmuch as there is no evidence in the cores of faulting.

Dry Creek Basin was drilled to test the nature of the Salt Wash
member of the Morrison formation in that area. It was found that:

(1) there is no positive correlation of the lithologic units in the Salt
Wash member with those previously mapped at the outcrop on the northeast
flank of Gypsum Valley and those cut by drill holes 3,500 to 5,000 feet
northeast of the outcrop, down the dip; (2) the Morrison formation
thickens abruptly directly down dip from the Gypsum Valley anticline,

as do other formations peripheral to salt intrusions (Shoemaker, Eo M.,
written communication), thins near the center of Dry Creek Basin, and
thickens again near the Paradox Valley salt anticline; and (3) the calcite
content of the Morrison formation, the number of green mudstone units in
the Salt Wash member, and the amount of corrosion and bleaching of the
constituent minerals and loss of siliceous cement in the Salt Wash sand-
stone units, increase from the northwest part of Dry Creek Basin to the

southeast part.
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Detailed outcrop mapping of the Morrison formation is in. progress
in the Davis Mesa and Skein Mesa areas to determine if synclinal structures
similar to those in Dry Creek Basin are present northwest of the Uravan |
mineral belt. | |

Slick Rock district, San Miguel and Dolores Counties, Colorado
By D« Rs Shawe, G. S. Simmons, and W. B. Rogers

Stratigraphic studies
Compilation of stratigraphic sections in a part of the Slick Rock

district shows that most of the sedimentary formations exposed are
appreciably thicker in the northwestern end of Disappointment Valley
along the Disappointment Syncli_;le, than along the adjacent Dolores anti-
cline, Exceptions are the marine or marginal marine Summerville and
Carmel formations of Jurassic age.

The Early Cretaceous age designation of the Burro Canyon formation
was corroborated by identification of fossils in suites collected at two
localities in Disappointment Valley. Both localities are in NEi NWi NEZ
sec. 11, T. 43 No, Rs 18 We, San Miguel County, Colorado. Concerning
these fossils from the upper part of the Burro Canyon formation John B.
Reeside, Jr. of the Geological Survey (written communication, 1956)
states, "The record of invertebrates and plants closely associated in
the Burro Canyon is particularly welcome. The invertebrates are the first
that I know of and help to assure the accepted correlation between the
Burro Canyon and the Cedar Mountain and between these units and others in
the western interior." Fossils from a greenish brown silty sandstone
about 18 feet below the top of the Burro Canyon formation, identified by

Reeside, include Protelliptio douglassi Stanton, "Umlo" farri Stanton,
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Nippononaia n. sp., a viviparid gastropod, an ostracode, and a ganoid
fish scale. Fossils from a black fissile shale about 25 feet below the
top of the Burro Canyon formation, identified by Re We Brown (Reeside,

written communication, 1956), include Frenelopsis varians Fontaine, Pinus

susqQuaensis Dawson, fern pinnules, a ganoid fish scale, and ostracodes.

In a second report, on fossils taken from core of the lower 855 feet
of the Mancos shale in SE: NE: NWi sec. 20, T. 43 N., R. 16 W., Reeside
(written communication, 1956) states:

"The Mancos shale can perhaps best be classified by equivalence
to subdivisions recognized in the Great Plains. I would assign the
highest fossils in the cores to a later Niobrara equivalent and
would extend this to about 225 feet depth. In this interval
Inoceramus stantoni Sokolow, Baculites codyensis Reeside, B, asper
Morton, Phlycticrioceras oregonense Reeside are more distinctive
species, and Ostrea congesta Conrad ranges throughout. The next
150 feet, to about 375 feet depth, must represent the earlier
Niobrara, but there are few distinctive fossils in the cores. I
would assign the next 170 feet, to about 540 feet depth, to the
later Carlile, in which interval Inoceramus dimidius White, I,
fragilis Hall and Meek, Scaphites whitfieldi Cobban, S. ferronensis
Cobban, Prionocyclus macombi Meek, and P. wyomingensis Meek are
distinctive. The next 240 feet, to about 780 feet depth, must
represent the earlier Carlile, but Collignoniceras hyatti ' Stanton
in the upper part and C. woollgari Mantell in the lower part are
the only distinctive fossils. One would expect a late Greenhorn
fauna in the next 45 feet, to 825 feet depth, but nothing distinctive
is available, The remaining cores, to 855 feet depth, contain chiefly
Gryphaea newberryi Stanton, which is associated with the early Green-
horn, in Gilbert's original sense of the name, or with the next-to-
the-top of four units, in the broader sence of Greenhorn now pre-
valent. G. newberryi is widespread in Utah, western Colorado, and
Arizona at or near the base of the marine Upper Cretaceous beds."

Heavy mineral studies

Studies continued of heavy minerals in sandstone strata, largely in
the Morrison formation of the Slick Rock district. Tentative conclusions
are that two types of diagenetic changes took place in the sediments after
they were laid down, and a third type of alteration took place still later,

One type of diagenetic change took place where no carbonaceous material
was deposited with the sediments, Magnetite and ilmenite that constituted



L1

about half of the original heavy minerals were altered largely to hematite

and leucoxene respectively, retaining however their original detrital form.
Iron from both magnetite and ilmenite moved locally and formed hematite
films coating quartz and other grains. The alteration of original magnetite
and ilmenite and formation of hematite undoubtedly occurred under oxidizing
conditions. Minerals such as hornblende and augite were probably present
in the original volcanic material that constitutes a considerable proportion
of many of the sedimentary formations. These minerals were almost com-
pletely dissolved into the intrastratal solutions which have more or less
permeated the sediments since burial and may have supplied more iron. The
reddish color of rock that was originally a noncarbonaceous sediment is
notable.

Where carbonaceous material was deposited with the original sediments,
a different type of diagenetic change took place. In rocks formed from
these sediments, magnetite and ilmenite were not altered as extensively,
nor did iron migrate locally to form hematite films on quartz grains.
Instead, pyrite was formed, and this alteration probably took place under
reducing conditions. Original hornblende and augite largely disappeared,
Rocks formed from these sediments are characteristically light gray to
greenish gray in color.

These two types of diagenetic changes, one forming reddish and the
other light gray colors in the sedimentary rocks, took piace independently
of one another, and at the same time. One type did not develop from the
other type.

Through uplift and erosion, these oxidized and reduced types of sedi-
mentary rocks were exposed to air above the water table or to oxygenated

water, the reduced rock components were oxidized, and the color changed.
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Pyrite oxidized to limonite, and the rock color changed from light gray
to light yellowish brown. No apparent change is believed to have taken
place in the reddish sediments in the near-surface oxidizing environment.

In addition to the two types of diagenetic changes discussed, a
third type of alteration took place; its recognition has been hindered
by the fact that it is characterized by the light gray to greenish gray
color associated with one type of earlier diagenetic alteration. That
this third type of alteration took place after the others is in part
indicated by features such as bleaching of reddish sediments along frac-
tures in many of the formations. Other effects have been found by studying
heavy minerals; chief among them is the almost complete absence of magnetite,
ilmenite, and hematite in any form, as well as of originally sparse garnet.
In some of the rocks where the third type of alteration has taken place,
barite--which in rocks affected by diagenetic changes only is largely
interstitial cement--has been recrystallized into clear euhedral crystals.
In addition, some leucoxene has recrystallized into authigenic anatase.
Sparse galena and sulfides other than pyrite are found as much as 50 feet
vertically and several hundred feet laterally from ore deposits in sandstone,
and pyrite is concentrated in places near ore, The apparent redistribution
of pyrite is analogous to that of caleium carbonate reported in the previous
semiannual report (TEI-590, p. 29). These changes are evident in two
principal locales: (1) light gray sedimentary rocks (light brown where
oxidized) where no carbonaceous material is found--for an example in the
Entrada sandstone, see figure 3; and (2) in carbonaceous light gray or
light brown rocks, but in these only close to ore deposits--for an example

in the Salt Wash sandstone, see figure 4.
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It is concluded that carbonaceous material, deposited locally in
the sedimentary rocks of the Colorado Plateau, enabled a diagenetic change
to take place under reducing conditions while oxidation prevailed else-
where. Later, ore-forming solutions with strong solvent powers moved
laterally through the sedimentai'y rocks, leaching and recrystallizing
some .rock constituents untouched by the earlier changes. It is suggested
that where these solutions traversed carbon-bearing strata, uranium-vanadium
ore deposits were formed in the strongly reducing environment.
The following reports covering work in the Slick Rock district were
published during the period:
Archbold, N. L., 1955, Relations of calcium carbonate to lithology
and vanadium-uranium deposits in the Salt Wash sandstone member
of the Morrison formation (abs.): Geol. Soc. America Bull.,
v. 66, no. 12, pt. 2, p. 1526: Econ. Geology, v. 50, no. 1,
Pe 7660
Shawe, D. R., 1956, Significance of roll ore bodies in genesis of
uranium-vanadium deposits on the Colorado Plateau, in Proc.

Internatl. Conf. on Peaceful Uses of Atomic Energy--v. 6, Geology
of uranium and thorium, p. 335-337: New York, United Nations.

Uravan district, Montrose County, Colorado

by R. L. Boardman, He E. Bowers, L. R. Litsey, and C. T. Sumsion

During the winter of 1955-56, compilation was begun of geologic data
from 660 Survey diamond-drill holes in the Club Mesa area and from 1,400
Survey diamond—drill holes in the Long Park and adjacent areas in the
southern part of the Uravan district, Montrose County, Colorado. Base maps
of these areas, showing pertinent subsurface geologic data and accompanying
texts, are being prepared to show and describe the complex relationships of
the principal ore-bearing sandstone units in the upper part of the Salt Wash

member of the Morrison formation of Jurassic age.
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Study of geologic logs of core and cuttings from Survey drill holes

in the Club Mesa area shows the relative thickness of the ore-bearing

Salt Wash sandstone units, and the amount of gray or green mudstone and |
giltstone in contact with these units, to be the most consistent recogniz-
able geologic criteria associated with mineralized rock and ore deposits.
- Approximately 86 percent of the 18l holes in mineralized Salt Wash sand-
stone beds (rock containing 0.02 percent or more U30g or 0.l percent or
more V205) and 93 percent of the 74 holes in ore (rock 1 foot or more
thick containing at least 0.l percent U30g or 1.0 percent V205) penetrated
host sandstone units 30 feet or more thick that are in contact with at
least 6 inches of gray or green mudstone and siltstone. These mudstone
and siltstone beds may be at the top, base, or included in the host sand-
stone unit. If these minimum thickness cutoffs are used, about 10 percent
of the area of approximately J square miles explored on Club Mesa can be
considered favorable for the occurrence of ore deposits and would contain
nearly all of the ore reserves discovered by Survey drilling.

All of the large uranium-vanadium deposits found by Survey drilling
in the Club Mesa area are in or near the thickest parts, locally; of the
host sandstone units, and generally are within a few hundred feet of places
vwhere these units thin abruptly. Where ore was found by Survey drilling,
the host sandstone unit ranges in thickness from 25 to 96 feet, and
averages about 50 feet thick. About 77 percent of the holes in ore,
accounting for nearly 90 percent of the predicted ore reserves, penetrated
host sandstone units ranging in thickness from 30 to 60 feet. .

A1l but one of the ore deposits discovered by Survey drilling on Club
Mesa are in the uppermost recognizable Salt Wash sandstone unite. In the

northeastern part of the mesa the ore deposits commonly are near places



L7

where the uppermost sandstone unit has channeled into the next lower
sandstone unit.

The ore deposits are in the bottom half of the host sandstone unit
in about 90 percent of all the holes penetrating ore in the Club Mesa
area; the ore deposits are in the bottom quarter of the unit in more than

60 percent of the total ore holes.

During the period the following paper on geologic investigations in
the Uravan district was published:

Boardman, R. L., Ekren, E. B., and Bowers, He E., 1956, Sedimentary
features of upper sandstone lenses of the Salt Wash member and
their relations to uranium-vanadium deposits in the Uravan
district, Montrose County, Colorado, in Proc. Internatl. Conf.
on Peaceful Uses of Atomic Energy--v. 6, Geology of uranium and
thorium, p. 331-334¢ New York, United Nations.

Western San Juan Mountains, Colorado
By A. Le Bush, R. Be Taylor, O, Te Marsh, and Ce S Bromfield

The relationship between the vanadium-uranium deposits of the .
Placerville district, Colorado, and the base and precious metal deposits
and intrusive and extrusive igneocus rocks of the San Juan volcanic province
is being studied over an area of about 300 square miles comprising the
Placerville, Little Cone, Gray Head, Dolores Peaks, and Mt. Wilson 7-1/2
minute quadrangles (figs. 5). 4

Numerous sills, dikes, larger discordant plutons, and a few flows
are present in the area. During the report period, preliminary petrographic
examinations of thin sections from these rocks in thé Placerville, Little
Cone, and Dolores Peaks quadrangles ha&e shown a variety of rock types,
apparently associated with thfeg major centers of igneous activity,

The sills and dikes in the southeastern part of the Placerville quad-
rangle and the northern part of the Little Cone quadrangle appear to be
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related to the Gray Head center (figs 5). This center includes the Gray
Head laccolith and other large intrusive masses. The sills and dikes are
classified as microgabbro (diabase) and basaltic andesite.

The Wilson igneous center, in the northeastern corner of the Dolores
Peaks quadrangle and the northwestern part of the Mt. Wilson quadrangle,
consists of the Wilson stock and other smaller intrusions. The Wilson
stock is a zoned mass with a border zone of pyroxene granogabbro (quartz—
orthoclase gabbro)s The intermediate zone is pyroxene quartz monzonite,
which may grade into granite in the center of the stock. The cause of
the zoning has not been established, but a combination of multiple intrusion
and marginal and vertical differentiation is most probable. All specimens
of the stock that have been examined show close affinities to the pyroxene
granogabbro of the border zone; alkalies and silica are enriched toward
the center of the stock, and the mafic minerals progressively change from
hypersthene and augite to hornblende and then to biotite from the border
to the center of the stock. Minor pluglike intrusives nearby are of
granogabbro, and are probably closely related to the Wilson stocke.

A small quartz monzonite stock, also a part of the Wilson igneous
center, is northwest of the Wilson stocke It too is zoned, with a border
of porphyritic quartz-latite and a center of quartz monzonite. The central
parts show late stage enrichment in potash feldsparsy porphyroblastic
perthite crystals have replaced earlier minerals, and plagioclase has been
veined by potash feldspar.

Numerous sills and dikes of microgranogabbro (microgranular quartz-
orthoclase gabbro) and of quartz latite (ranging to rhyodacite) are present
in the little Cone quadrangle., Sills and dikes of microgabbro and basaltic

andesite, mentioned above, are present only in the northeastern corner.
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The microgrénogabbrc sills are probably related to the Wilson stoék;.the
textures and mineral composition are almost identical to the border.rocks:
of the stock. The microgranogabbro is distinguished by strongly zoned
labradorite crystals in a groundmass of feldspars and quartsz, and by a
hypidiomorphic-granular texture.

The igneous center from which the quartz latite sills were derived
is not definitely known. The sills have phenocrysts of andesine set in
an aphanitic groundmass. The sills are probably not related to the small
adamellite stock, despite the fact that the stock has a border zone of
porphyritic quartz latite. Quartz phenocrysts are absent in the sills,
and the sill feldspars show little zoningg in contrast to the strong
oscillatory zoning of the stock feldspars. Similar quartz latite sills
are also found in the central part of the Dolores Peaks quadrangle, It
is possible that these sills were derived from the Dolores Peaks igneous
center (fig. 5) of which little is as yet knowm.

A small number of lamprophyre dikes and sills are also present;
they include augite minette, biotite vogesite, limburgite and monchiquite.
They apparently are later than, and not direétly associated in genesis
with the intermediate intrusives. A Recent(?) vesicular basalt flow in
the Little Cone quadrangle represents the laﬁt igneous activity,

Ute Mountains, Colorado
By E. Bes Ekren and Fe No Houser

A petrographic study of the igneous rocks of the Ute igneous complex
was begun during the report period. This study, together with geologic
mapping and spectrographic and chemical analyses of samples, will provide

basic data on possible relations between the intrusive igneous rocks and
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uranium deposits in the sediments of the area.

Most of the rocks studied are diorite or andesite porphyries.
Dacites, quartz monzonites, and a lamprophyre (spessartite?) are indi-
cated by modal analyses, The groundmass of most specimens is too fine
grained to be fully evaluated by microscope techniques. In most of
several thin sections treated with sodium cobaltinitrite, potash feld-
spars are confined to the dense groundmass, The average anorthite content
of the plagioclase phenocrysts is 30 to 60 percent, whereas groundmass
plagioclase ranges in composition from about 20 to 30 percent anorthite.
Zoning of the plagioclase feldspars is pronounced; some basic cores are
82 percent anorthite whereas outer zones are 15 percent anorthite. Zoned
epidotes are present in some specimens. Zeolites in the lamprophyre type
are commony the most prevalent appears to be thomsonite.

Some rocks are considerably altered. For example, one rock from the
vicinity of Sentinel Rock in the extreme southeastern part of the Ute
igneous complex contains plagioclase altered to calcite, sericite, biotite,
and chlorite, and hornblende altered to chlorite, biotite, and calcite.
Apatite is seemingly more abundant in altered specimens than in unaltered
rock of similar type.

.The most conspicuous structural feature of the Sentinel Peak NE 7-1/2
minute quadrangle is a doming of the sedimentary rocks in the extreme
northeastern part of the quadrangle, which is believed to indicate a
buried laccolith. The dome is several miles in diameter and extends into
quadrangles to the north and west. Northeast-trending, high angle normal
faults of 25 to 50 feet displacement cut the southwest flank of the dome.
The oldest sediments exposed on the dome are mudstones and sandstones of

the Brushy Basin member of the Morrison formation. It is believed that
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this buried laccolith is intruded into a shale or mudstone facies as are
many of the known intrusives of the Utes and other laccclithic groups on
the Colorado Plateau. The abrupt steepening of dip around the flanks of
the dome suggests that the laccolith is not buried deeply, and it may have
been intruded into mudstones and siltstones of the Chinle formation of
Triassic age or the Summerville formation of Jurassic age.

The rocks of the rest of the Sentinel Peak NW 7-1/2 minute quadrangle
dip gently to the southwest as shown by elevations obtained at the base of
the Mancos shale. Superimposed on the regional dip are several minor
flexures, the largest of which is a structural nose that trends southwest
across the northwest part of the quadrangle and plunges with the regional
dip;

No abnormal radioactivity was noted in surface rocks in the Sentinel
Peak NW quadrangle either along bedding or along fractures. The Salt Wash
member, the Recapture member, and the Westwater member of the Morrison
formation, the most likely hosts for uranium deposits in the region, are
not exposed in the quadrangle. The Salt Wash member is exposed several
miles to the north in the Moqui SW quadrangle and the Westwater and
Recapture members are exposed to the east in the Sentinel Peak NE quad-
rangle. The Salt Wash and Westwater members where exposed appear to be

favorable for ursnium minerali}.ation.‘
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Gateway district, Mesa County, Colorado, and Grand County, Utah
By L. Jo Eicher and G. A, Miller

Field work in the western part of the Gateway district, west of the
Dolores River and on the northeast flank of the La Sal Mountains, was com-
pleted in November 1955. Beaver and Polar Mesas, where geologic work was
concentrated, are on the southwest limb of the Sager's Wash syncline
(fig. 6). Preparation of areal and structural geologic maps of the area
(scale 1:24,000), maps of the larger mines (scale 1:240), and study of
polished sections of mineralized material from several mines constituted
the major part of the work during the report period.

The rocks on Polar Mesa and the southern two-thirds of Beaver Mesa
strike N. 559-60° W. The average dip on Polar Mesa is about 4° NE, The
dip flattens to about 20 on the southern two-thirds of Beaver Mesag; The
axis of the Sager's Wash syncline crosses the northern end of Beaver Mesa
(figs 6).

The major uranium-vanadium producing area on Beaver Mesa is in a
structural low that is superimposed on the generally northeastward dipping
beds. This structural low trends N. 70°-80° E. and is 1 to 1.5 miles wide.
It is bounded on the northwest by a vertical fault of about 90 feet dis-
placement and on the southeast by a gentle monoclinal fold.

Most of the known uranium-vanadium deposits containing more than
500 tons of ore in the western part of the Gateway district are in sand-
stone lenses in the upper half of the Salt Wash member of the Morrison
formation of Jurassic age. The most favorable host rock within this part
of the Salt Wash is a light gray or light brown, medium-fine to medium-
grained sandstone that contains carbonaceous material and thin splits, seanms,

and/or pebbles of green mudstone. One to five feet of green mudstone
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generally overlie and underlie the lenses of host sandstone. These favor-
able sandstone lenses are normally at least 25 feet thick.

Production records show that the V205 - U30g ratio in the ores of
the west Gateway district ranges from 3:1 to 7:1 and averages about 4:l.
The most important ore minerals, uraninite, coffinite, montroseite, and
corvusite, are of the low to middle valent typees Carnotite and similar
high valent minerals are common in deposits that have little overburden
or because of fracturing have been exposed to oxidation.

The  paragenetic relationship suggested by a study of polished sections
is as foilows: The host rock contained grains of quartz, partly weathered
faldsparé, and black opaque minerals, as well as logs and macerated plant
debris, carbonates, and clay size particles. After coalification of the
woody material, pyrite formed, and was followed by the low valent ore
minerals:montroseite, c?ffinite, and uraninite. Uraninite and coffinite
were locélized in the coalified material. Later oxidation has developed
corvusite, carnotite, and tyuyamunite.

Sage Plain, Utah and Colorado
By Le Co Huff and Fe Ga Lesure

Compilation of data on the uranium-vanadium mines in the Sage Plain
area shows that about 65 percent of the uranium-vanadium ore produced from
the Salt Wash member of the Morrison formation has come from within 50 feet
of the outcrop and that five mines in the area have each produced more than
1,000 tons of ore, A small area in the central part of the Sage Plain con-~
tains about 35 percent of the known deposits, has produced 73 percent of
the ore, and contains 75 percent of the estimated reserves, This "favor-

able" area is approximately at right angles to bubt could be within a
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possible extension of the Uravan mineral belt.

Preliminary geologic maps of the Verdure 1 SW, 2 SE, 3 NE, 3 SE,
4 NW, and 4 SW quadrangles at a scale of 1:24,000 have been compiled on
topographic bases that became available in September 1955, A description
of the geologic formations exposed in the Sage Plain area was given in
the last semiannual report (TEI-590, p. 38-40).

A qualitative study of the bleaching of red sandstone and mudstone
of the Salt Wash membef of the Morrison formation in the Sage Plain has‘
been started. Samples of Salt Wash sandstone (light moderate brown,
5YR5/4)Y/ and mudstone (grayish red, 10R4/2) were crushed and sieved.
Various combinations of sediment, carbonaceous material from the Morrison
formation, peat, water, and dilute mineral acids were tested and the color
changes observed. Reactions were allowed to proceed in open test tubes at
room temperature for several months. The most rapid color change was ndted
in the test tubes containing sand, peat, and water (either distilled or
tap). After 10 to 1, days the sand began to change color from the light
moderaﬁe brown »(5YR5/A) of the original to a mottled medium dark gray (N4)
or olive gray (5Y4/1)s As bleaching continued a brown colloidal precipitate
formed either near the surface of the peat or on the test tube walls. This
precipitate, which gives a strong iron test, is probably a hydrous ferric
oxide. The organic matter probably causes a reduction and solution of the
ferruginous coating on the sand grains so that the iron diffuses upward and

is oxidized and reprecipitated nsar the water-air surfage.

1/ A1l colors with number designations were determined by compari-
son with the National Research Council Rock-color chart, Goddard and others, 1948.
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The solutions with peat contain at least two types of protozoa.

In an attempt to determine the influence of microorganisms on the re-
ducing capacity of the peat-water solutions some peat was heated over
boiling water for an hour and one sample was boiled in water for an
additional hour. The peat heated for one hour produced visible color
change in sand in the same length of time as a control sample with un-
heated peat. The boiled peat took several weeks longer to produce visible
color change.

The carbonaceous material (peat or lignite) of the Salt Wash sand-
stones that originally was chemically active possibly caused much of
the bleaching of the red-beds associated with the uranium-vanadium ores.
Further experiments are planned to discover possible optimum conditions
for red-bed bleaching,.

References

Fischer, R. P., and Hilpert, L. S., 1952, Geology of the Uravan
mineral belt: U. S. Geol. Survey Bull. 988-A.

Goddard, E. N., and others, 1948, Rock-color chart: National
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La Sal Creek area, Montrose County, Colorado
and San Juan County, Utah
By We Do Carter and Je Le Gualtieri
In 1952-195) the Geologicdl Survey conducted an exploration drilling

program in the vicinity of La Sal Creek to stimilate uranium-vanadium mining
in the Salt Wash member of the Mbrrison formation and to find new deposit;.
The program began with close-spaced drilling behind mine faces to determine
the size, configuration, and orﬁentation of the deposits. Later, wide-
spaced drilling outlined ground favorable for the occurrence of ore deposits
and partially developed deposits in a large favorable area on the north side
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of La Sal Creek Canyon., A total of 505 diamond drill holes were completed
on the north and south sides of the canyon within an area covering approxi-
mately 42 square miles., The area was described in a previous semiannual
report (TEI-540, pe 36-38).

The drilling program was reappraised during the report period and a
structure contour map was drawn on the base of the ore-bearing sandstone
(fige 7)e Most of the ore deposits are aligned approximately parallel to
the trend of the Salt Wash streams and appear to be clustered along the
irregular bottom of one of these stream courses.which lies within the belt
of ground favorable for concealed uranium deposits outlined by drilling.
The largest deposits appear to be localized in shallow depressions or
scours and on the flanks of "noses" or ridges which project into the
stream course, Maximum relief of the bottom is slightly more than 30 feet
along the margins of ’the streamsy; The depressions may be likened to scours
in braided streams of the present day and the noses to cuspate projections
along the margins of such streams, Such depressions and projections create
eddies. and whirlpools in which woody debris collects, becomes waterlogged,
and is dropped. During floods similar debris is rafted onto the higher
bars and cusps within and along the margins of the channelse. If this
procedure took place in Salt Wash time it would account for the placement
of a majority of the M"trash-pocket" accumulations of carbonaceous debris
with which uranium-vanadium ores are associated in the Salt Wash member of
the Morrison formation in the La Sal Creek areae

In summary it appears that bars; scours, and cusps were formed in
and along former stream courses at the base of the ore-bearing sandstone
of the Salt Wash. These irregularities in the basal surface are at least
partly responsible for the placement of Mtrash-pocket® accumilation of
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carbonaceous debris with which ugmﬂm—vanadim ores are associated.
These features can be used in conjunction with the lithologic guides
described by Weir (1952) to narrow the search for uraniferous deposits
in the ore-bearing sandstone stratum of the Salt Wash.
Reference
Weir, Ds Be, 1952, Geologic guides to prospecting for carnotite
deposits on the Colorado\q Plateau: U. S. Geol. Survey Bull. 988-B.

Lisbon Valley, Utah and Colorado
By G. We Weir, V. C. Kennedy, and C. L. Dodson

During the report period geologic data on the Mt. Peale 2 SW, 3 NE,

3 NW, 3 SW, and 3 SE qua’\drangles, Utah, was transferred from photographs
to topographic bases with the aid of a Kail plotter. Field work was re-
sumed in May, when the office compilations were partly field checked and
geologic mapping of the Mt. Peale ) SW quadrangle was completed.

The exposed sedimentary rocks in Lisbon Valley range from the upper
limestone member of the Hermosa formation of Pennsylvanian age to the
Mancos shale of late Cretaceous age. Much of the area is covered by
Pleistocene and Recent surficial deposits.

\ A distinctive chert is present in most uranium ore deposits in
the Chinle formation (Triassic) and is found near the base of the Chinle
in some outcrops near mines along Big Indian Wash and South Lisbon Valley.
This chert, which has not been noted in unmineralized areas; is reddish .
orange in color and has a dull to subvitreous luster; it is brittle and
breaks easily into irregular fragments. The microscope shows the mineral to
have a peculiar radial ‘stmcture approaching spherulitic. The chert has
replaced sandstone and in places is intergrown with pyrite and possibly ore

minerals. It is believed to have been deposited by the ore solutions, and though
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generally present only in small amounts may serve as a useful guide in
prospecting for uranium.

The surficial deposits of the Lisbon Valley area include. some rubble
and landslide deposits of earliest Pleistocene or possibly later Tertiary
age, The rubble deposits consist mainly of small to large blocks of
resistant quartzite and sandstone derived from the Burro Canyon formation
and Dakota sandstone of Cretaceous age, and colored chert fragments from
the Summerville formation of late Jurassic age. The rubble deposits are
commonly cemented in part by pink caliche and rest on an irregular erosion
surface that probably slopes gently toward the present Colorado River,

The landslide deposits are similar in composition to the rubble
deposits but retain traces of landslide topography and contain mmdstone
derived from the Brushy Basin member of the Morrison formation of late
Jurassic age.

The rubble deposits which now occur only in scattered outcrops may
have been derived from the landslide deposits by mass transport, perhaps
by mudflow. The pink caliche of these deposits may correlate with grayish
pink caliche noted by Baker (1933, p. 57) in the Moab and Green River
Desert areas, Baker suggested ‘the caliche zone marks an erosion surface
of Tertiary(?) age. Continmued study of the surficial materials may help
in solving the geologic history of the Lisbon Valley anticline area.

A sample of recent stream sediment derived from a supposedly barren
area of Salt Wash sandstone outcrop has been divided into several frac-
tions by use of heavy liquids and magnetic separation. Comparison of
these fractions with similar fractions of sediment from a mineralized
area may indicate the form in which ore-vanadium is carried in stream

sediments.
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In the general vicinity of the Lisbon Valley fault copper, mainly
as malachite, is present. Malachite can be detected in very low con-
centrations in stream sediments, for it concentrates in the fraction
that is slightly magnetic and heavier than bromoform. One sample from
a modern stream sediment contains about 0.0O4 percent copper, whereas the
slightly magnetic fraction of the sample that was heavier than bromoform
contained an estimated 20 percent copper. Such a technique of concentrating
copper minerals may be of use in reconnaissance prospecting in areas where
uranium and copper are closely aséociated.
Reference

Baker, A. A., 1933, Geology and oil possibilities of the Moab

district, Grand and San Juan Counties, Utah: U. S. Geol.
Survey Bull. 841.

Moab~Inter-river area, San Juan County, Utah
By E+ N. Hinrichs

Mapping, chiefly of the Triassic rocks, in about four complete quad-
rangles and parts of two others in the Moab area has been compiled during
the report period.

Formations exposed in the Moab-Inter-river area range from the
Hermosa limestone of Pennsylvanian age to the Carmel formation of Jurassic
age. The uranium deposits in the area are in the Rico and Cutler formations
of Permian age and the Chinle formation of Triassic age. Two features com-
mon to all the deposits are the presence of copper minerals and a high
content of calcium carbonate. On the basis of structure and the vanadium-
uranium ratio, the deposits can be divided intc two groups.

Deposits of the first group are of the bedded type, occur in the

Cutler and Chinle formations, are apparently not associated with faults,
and occur in localities of low dip. The ratio of vanadium to uranium in
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this group is about l$4. Deposits in the Cutler formation are in gray
parts of otherwise dusky red lenses of arkose, and many are associated
with small intraformational folds. Green and yellow copper-uranium
minerals are conspicuous. Among the minerals present are cuprite,
chalcocite, and according to Dix (1953), troegerite, uranophane, and
Zeunerite,

The bedded deposits in the Chinle formation are in the Moss Back :
member. The minable deposits are in channels cut into the underlying
Moenkopi formation and filled with conglomeratic sandstone, Minerals
in the Chinle deposits include uraninite, beta-zippeite, schroeckingerite,
andersonite, pyrite, galena, sphalerite, and in one deposit erythrite(?)
and ilsemannite(?)% Microscopic examination of polished sections of ore
from one of the &epdsits in the Moss Back has revealed that the uraninite
is younger than the sulfides and most of the calcite,

Deposits of the second group are in the Ricat Cutler, and Chinle
formations along faults on the Cane Creek anticline., The ratio of
vanadium to uranium in this type of deposit is about 2:l. Brecciated
rock along faults as close as 10 feet apart contains uranium, vanddium,
and copper minerals, Minerals identified to date are uraninite,
beequerelite, beta-zippeite, carnotite, metatyuyamunite, schroeckingerite,
andersonite, bayleyite, chalcocite, secondary copper minerals, pyrolusite(?),
and barite, |

The eight-fold difference in ratio of vanadium to uranium between
the two types of deposits can be explained possibly by accumulation from
crude oil, The uranium deposits along faults of the Cane Creek anticline
are within 3-1/2 miles of oil wells. The vanadium in metallo-organic com-

plexes in crude oil (Treibs, p. 172), may have migrated upward along faults



on the anticline.
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Orange Cliffs area, Utah
By Feo Ao McKeown and Ces C. Hawley

The results of mapping and compilation of unpublished data support
the suggestion that in Happy and Hatch Canyons uranium occurrences are
geographically associated with several geologic features. Most of the
known occurrences of uranium minerals in Happy and Hatch Canyons are in
an area that has the following geologic features: (1) large northwest-
trending faults and a prominent set of weéterly trending faults aligned
en echelon to the northwest; (2) pinchout zones of the Monitor Butte and
Moss Back members of the Chinle formation; and (3) rather ill-defined
structural terraces or monoclines contiguous with terraces.

Though the above associations are valid for the Happy and Hatch Can-
yon: areas, uranium also occurs in parts of the Orange Cliffs area as yet
unmapped. Accordingly, general inferences concerning localization of ore
deposits based on these features are not justified,

Mineralized chert is sparse but widely distributed within a few feet
of the contact of the Moenkopi and Chinle formations in the Orange Cliffs
and San Rafael Swell areas. Study of polished sections of this chert
indicates the following paragenetic sequence: chert (earliest mineral),

pyrite, sphalerite, digenite, covellite, tetrahedrite or tennantite,
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calcite (latest mineral). Uraninite is tentatively identified in scme
chert on the basis of optical properties in reflected light and autoradio-
graphs, The position of the uraninite(?) in the paragenetic sequence is
indeterminate in the available polished‘sections.

Megascopically the chert is orange-red banded or patched yellqw. It
replaces the enclosing siltstone or sandstone. Small amounts of green
copper minerals are found in some of the chert but much of it does not
contain copper minerals. Very little of the chert tested from the Orange
Cliffs area is radioactive. Nevertheless, observations to date indicate
that orange-red chert along the Moenkopi-Chinle contact in the Orange
Cliffs and San Rafael Swell areas may be a guide to mineralized rock
containing uranium and copper. Guides such as carbonaceous material and
gray-green bleaching of mudstone may be useful indicators of favorable
host rocks they are not reliable indicators of mineralized ground in the
Orange Cliffs area.

Purple-white alteration of the lower part of the Chinle formation
(TEI-590, ps 47) seems to be genetically related to silicification and
the orange-red chert. Several samples collected in the San Rafael Swell
consist of purple and white mottled siltstone with veinlets of orange-
red chert. The chert occurs only within white parts of the rock; the
width of white rock around a chert veinlet is directly proportional to
the width of the chert veinlet. If purple-white alteration is related
to chert and chertification is related to uranium and copper mineraligzation,
it follows that only an indirect relationship exists between alteration of
this type and uranium depositions Field observations indicate that
economic concentrations of uranium are not closely associated with purple-

white alterationjy such alteration is commonly lacking immediately below
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uranium dqposits. Mach purple-white alteration, however, may be present
within a quarter of half mile of a deposi\t .

¥Mach field work remains to be done before the validity of the above
apparent relationships is known.

San Rafael Swell, Utah
By Re Co Robeck

The period was spent in compiling data in preparation for reports
on the mapping done to date in the San Rafael Swell, Isopach maps have
been prepared of the upper part of the Moenkopl formation using mapped
marker beds in the Moenkopi as datum surfaces; These maps indicate that
a Permian anticlinal fold, oriented northwest-southeast across the center
of the Swell, may have been rejuvenated at the end of Moénkopi time. The
following features are associated with this fold: (1) the thickness of
the Moenkopi above a prominent marker bed ranges from minus 15 feet on
the fold to about plus 140 feet in the northeastern part of the Swellj
(2) the Temple Mountain member (referred to in TEI-590, p« 49 as the
"mottled siltstone unit™) of the Chinle formation tends to be thicker in
the northern partj (3) the Monitor Butte member of the Chinle formation
thins from the 100-foot section on the south to a knife edge parallel to
the Permian highg and (4) there is a greater amount of mdstone at the
base of the Moss Back member of the Chinle formation along the crest of
the fold than in adjacent areas, and the greatest concentration of uranium
deposits in the San Rafael Swell is along this same trend. All these facts
seem to indicate that slight and variable uplift along the Permian fold may
have had some influence on the factors which caused the concentration of

uranium deposits along the trend whicﬁ, in a very general way, is parallel
to a line between Temple Mountain and Green Vein Mesa to the northwest.
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This slight uplift may have had some influence on deposition during Chinle
time which eventually resulted in some areas being more favorable for
uranium deposits than others.
Circle Cliffs area, Utah
By Es S. Davidson, De A. Brew, and Ly De Carswell

The prineipal uranium ore in the Rainy Day mine in the Circle Cliffs
area is localized in the Moenkopi formation, on the crest of a bank of a
paleochannel scoured in the top of that formation; The overlying Shinarump
member of the Chinle formation contains no ore grade material at the mines
Semiquantitative spectrographic analyses of samples from the mine show that
lead, copper, nickel, cobalt, silver, molybdenum, zinc, yttrium, and
ytterbium increase proportionately with uranium and it is inferred that
these elements were introduced with the uraniume The principal low valent
uranium mineral is uraninite. The principal sulfide minerals associated
with uraninite are pyrite, sphalerite, chalcopyrite, marcasite, and galena,
in approximately that order of abundance. Although the paragenetic sequence
is not completely known, uraninite appears to have been deposited laste. No
unusual alteration or extraordinary amounts of clay or chloritic minerals
were observed in or near the ore zone, Preliminary work on the fold
structures near the mine has produced no definite evidence of correlation
of the ore body and structure, but study of this possibility is being

continued.
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Elk Ridge area, Utah
By Re Qe lewis and Rs He Campbell

Preliminary map compilation is complete for the Elk Ridge 1 NW,
lsSW, 2 N\W, 2 NE, 2 SW, 2 SE, 3 SW, 3 NW, 3 NE, and 3 SE quadrangles.
Compilation of these quadrangles has assisted in the delineation of two
areas where sandstones of the Chinle formation of Triassic age are favor-
able for uranium ore deposits (fig. 8).

One of these favorable areas crosses Elk Ridge in an east-north;
easterly direction and is a band of sigmoidal shape with trends varying
from nearly east-west in the southwestern part of the area, through north-
east across the central part, to about east-northeast at the east side.
This band is continuous with a belt of favorable ground previously
delineated across White Canyon and Deer Flat (Finnell, 1956, personal
commnication), Within this band uranium ore is localized in a series
of discontinuous basal sandstone lenses of the lower part df the Chinle
formation. The basal Chinle sandstone lenses are lithologically very ..
similar to other sandstone lenses in the Chinle below the Moss Back member;
however, uranium deposits are known only where sandstone lenses in the
lower part of the Chinle lie directly on the Moenkopi. In a few of the
deposits, uranium minerals and asphaltite blebs are disseminated in the
Moenkopi or coat fractures in the Moenkopi immediately below mineralized
lower Chinle sandstone. The basal Chinle sandstones probably correlate in
part with units mapped as Shinarump in the Deer Flat and White Canyon areas;
however, because the sandstones are qnite'lenticular and discontinuous over
most of Elk Ridge the correlation is tentative at best, and it is possible
that individual lenses on the Moenkopi erosion surface in one place may be

better correlated with sands higher in. the lower part of the Chinle formation
elsewhere.
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In the vicinity of Horse Mountain the lower part of the Chinle thins
abruptly, and in the Lavender Canyon-Indian Creek area, adjacent to Elk
Ridge on the north, it pinches out (fige 9). Several mines have been
developed in the Moss Back member in the Lavender Canyon-Indian Cregk
area and although no important deposits are known in the Elk Ridge area,
several prospects and one small deposit have been found in the Moss Back
where the underlying Lower Chinle is thinned to less than about 30 feet.
This part of the Elk Ridge area is, accordingly, considered favorable
ground for concealed uranium deposits (fige 9).

This thinning of the lower part of the Chinle formation is suggestive
of structural deformation in the northern part of the Elk Ridge area fol-
lowing the deposition of the Moenkopi formation and preceding deposition
of the Moss Back member. This interpretation implies that in the area
south of this structural Yhigh" the lower part of the Chinle formation
was deposited in a structural basin which continued to deepen during
early Chinle time.

Figure 9 shows the stratigraphic position of the known mines and
prospects in the Elk Ridge area and adjacent areas to the southwest and
northeast. Stratigraphically, all of the mines and important prospects
are at or very near the top of the Moenkopi formatione Lithologically,
all of the mines and important prospects are in sandstone and conglomerate
of the Moss Back member and lithologically similar lenses in the lower
part of the Chinle formation, except for local deposits in the upper part
of the Moenkopi as previously mentioned.

In any hypothesis concerning the path of solutions from which uranium
minerals might be deposited, the following factors must be considered:

(1) the stratigraphic positions of the ore deposits appear to be related
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to the top of the Moenkopi; (2) Chinle lithologic types that contain ore
at this horigon are not known to contain ore in higher stratigraphic

positions; (3) the sandstones of the lower part of the Chinle formation
are surrounded by mudstones and sandstones containing considerable
amounts of clay, and the unit as a whole is much less permeable than the
Moenkopi and/or the other subjacent rocks.

The evidence suggests that the ore solutions may have been introduced
from below and that they then migra.ted through the Moenkopi rather than
laterally through the Chinle. Some lateral migration may have taken place
locally in Chinle sandstone following introduction of the solutions from
the underlying Moenkopi, but this lateral migration was probably largely
restricted to individual sandstone lenses of the Chinle formation that
were in contact with the Moenkopi. A combination of impounding lithologic
traps in the Chinle, pressure drop at the contact between the lenses of
coarser-grained Chinle sandstone and the finer-grained rocks of the
Moenkopi formation, and perhaps chemical conditions in the Chinle, including
such features as carbonaceous material, may have caused the precipitation
of the ore minerals.

Abajo Mountains, Utah
By I. Js Witkind

The compilation of geologic data gathered during the 1955 ‘field
season indicates t.hatt the general structure of the Abajo Mountains is
similar to that of the Henry Mountains as described by Hunt (1953). The
main mass of the Abajo Mountains is formed by a major igneous intrusive
near the geographic center of the mountains, On the north, east, and

south, the mountains are rimmed by domelike structures tentatively
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classified as laccoliths, Some of the domes are as much as 5 miles in
diameter, although most are smaller and average 1-1/2 miles in diameter.
locally the sedimentary cover has been removed exposing igneous dikes,
sills, and small plugs. |

Wherever exposed, the igneous rock that forms both the main mass
of the mountains as well as the laccoliths seems to be uniform in
mineralogic compositiony It is tentatively classified as a porphyritic
hornblende latite, and consists of subhedral to euhedral phenocrysts of
andesine (Anbg) and hornblende in an exceedingly fine-grained groundmasse.
It has not been possible to identify all the minerals in the groundmass,
but X-ray diffractometer studies suggest the presence of plagioclase feld-
spar, an alkalic feldspar, mica, and some quartz, Chemical analyses of
igneous rocks from the Abajo Mountains indicate that the Ca0 content ranges
from 1,67 to 8442 percenty the NapO content from 0.05 to 504 percent; and
the K20 content from 1.22 to 3496 percent, Staining techniques suggest
that most of the potassium is contained in the groundmass and very little
in the phenocrysts,

In the Abajo Mountains area all of the uranium-vanadium mines are in
the Salt Wash member of the Morrison formation of Jurassic age and in
general, have vanadium-uranium ratios of about 10tl, Sample analyses from
both uranium-vanadium mineralized exposures and ore deposits indicate that

both the uranium and vanadium content are low, and the carbonate content
is highe

Reference

Hunt, C. Bs, 1953, Geology and geography of the Henry Mountains
region, Utahs U. S. Geols Survey Prof. Paper 228.
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East Vermillion Cliffs area, Arizona
By Re G. Petersen and J. Ds Wells

Most of the uranium mineralization in the East Vermillion Cliffs
area occurs in channel scours in the Shinarump member of the Chinle
formation and in the Moenkopi formation at or near the contact between
the two units. Small pockets of uranium minerals, however, occur in
sandstone lenses in the Petrified Forest member of the Chinle.

Most of the uranium minerals sampled from the Shinarump and the
Petrified Forest members were identified as metatorbernite. One sample
from the Shinarump contained betazippeite, and another sample from the
same member contained an unknown uranium mineral that may be a new
mineral,

Chemical analyses of ten uranium samples from the Shinarump and the
Petrified f‘orest. members of the Chinle formation show that the equivalent
uranium is lower than the chemical uranium. This suggests that the
uranium minerals in the samples are possibly less than one million years
olde The copper pontent in the samples ranges from 0.04 to 5.87 percent
with an arithmetical average of 1l.54 percent. The V205 content is 010

percent or less.

X-ray analysis of a sample from a limestone bed in the Owl Rock member
of the Chinle formation shows that the carbonates are principally calcite
with a minor amount of dolomite. The clay minerals in the limestone are
mostly illite with some montmorillonite and an unknown mixed-layer clay.

Examination of thin sections of the Shinarump member and of selected
pebbles from the Shinarump shows that a variety of material comprises this
unit., The most common type of pebble consists of a red to gray, fine- to
very fine-grained quartzite. Some of these pebbles contain veins of comb
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quartz. Other pebbles consist of a breccia in which the open spaces have
been filled or partially filled with quartz crystals. Igneous rocks
represented in the pebbles are a pink, medium-grained, micrographic granite,
a pink porphyritic rock, and a probable pyroclastic rock. Judging from

the rocks described in the literature by Wilson (1939) and Anderson (1951),
this material could have been derived from the Precambrian rocks of the
Mazatzal Mountains or a similar terrain in central Arizona.

References

Anderson, C. A., 1951, Older Precambrian structure in Arizona:
Geol. Soc. America Bull., V. 62, p. 1331-1346.

Wilson, E. D., 1939, Pre-Cambrian Mazatzal revolution in central
Arizona: Geol. Soc. America Bull., v: 50, p.;lllB-lléh.

Grants area, New Mexico
By Re E+ Thaden

Analysis and correlation of many measured sections of the Morrison
formation show that the Westwater Canyon and Brushy Basin members are
highly lenticular. The Westwater varies in thickness from 92 feet to
165 feet in distances of less than one mile, and the Brushy Basin varies
from 64 feet to 127 feet in distances of less than two miles.

A steeply crossbedded pink sandstone which thickens westward frém
Haystack Butte is matched by a corresponding thinning of the Recapture
member of the Morrison formation. This, pink sandstone is probably not
a tongue of the Cow Springs sandstone, as previously thought.

A geologic map of the Jurassic rocks in the western part of the area
has been compiled on a planimetric base. The configuration of the outcrops
and the orientation of the beds shown on the map suggest that the large ore

deposits may be concentrated in shallow synclines. The synclines appear to
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trend northeastward and to be about 5 miles apart. Continued mapping
and accumulation of structural data will supply more information con-
cerning this apparent relationship of ore deposits to structure.
Analytical data obtained from samples collected from ore deposits
in the Morrison formation indicate a relative sparsity of some trace
metals in ore., For instance, calcium, chromium, strontium, magnesium,
and titanium seem to be concentrated in a halo above ore, whereas barium,
beryllium, cobalt, gadolinium, molybdenum, lead, and other metals, in
addition to uranium and vanadium, are concentrated in the ore. Manganese,
vanadium, and especially. nickel, are concentrated above the ore on the
downdip side, indicating either an original asymmetric distribution of
the metals or a differential post-ore leaching (or ionic or capillary
diffusion)., It appears that the leaching or diffusion, if any, was too
minor to have diluted to below commercial grade any large quantity of

uranium ore.

Laguna area, New Mexico
By Re He Moench and We P. Puffett

During the report period preliminary geologic maps were compiled for
the Laguna 4 MW and 4 SW 7-1/2 minute quadrangles; a statistical study of
the fractures was made from data obtained in the field during the preceding
report period; and a petrographic study was begun on thin sections of the
igneous rocks exposed in the Laguna project area.

The mapped area includes Mesa Gigante and the zone of folding and
faulting which délineates the eastern boundary of the Colorado Plateau in

the area. .
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In the statistical study of the fracture system data, special
-attention was directed to the fractures confined to the igneous intrusives
as compared to those of the sedimentary rocks, in an attempt to date the
age of the intrusives with respect to the regional structures,

The following tentative conclusions result from the structural and
petrographic studys

(1) 1In the Laguna project area, the most prominent fracture pattern
comprises two nearly vertical joint sets, with 10 to 12 percent Schmidt
net maxima at N 37° E. and N. 13° W, and high angle fanlts,} striking
north-northeast, approximately bisecting the acute angle between the two
joint sets,

Dikes have been intruded parallel to the regional fracture pattern;
and sills, which contain the same rock type as the dikes, have been cut
by the same fracture sets, This suggests that the intrusion of the
igneous rocks and the formation of the fracture pattern was essentially
contemporaneouss

(2) The lava flows are olivine basalts and slightly younger olivine
andesites. The sills and dikes are also basaltic and andesitic in com-
position, but apparently contain little or no olivinej however, sparse
pseudomorphs of serpentine after olivine have been foundys The lava flows
are composed of the same rock types as the volcanic plugs in the area,
but from structural evidence, probably post-date the intrusion of the
dikes and sills.

(3) In the Sandy mine area, the sills are multiple or composite,
comprising alternating diabasic gabbro and diorite, with relatively late
aplitic and locally pegmatitic rocks of granitic to syenitic compositions
These sills have effected marked metamorphism of the enclosing sedimentary
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rocks in zones as much as 10 feet thick. Grossularite, diopside, and

vesuvianite have developed in the limestones and calcareous sandstone;
cordierite(?) and small aggregates of potassic feldspar have developed
in the noncalcareous siltstone and shale,

(4) Pitchblende(?) of the ore deposits in the Sandy mine area
appears to have formed contemporaneously with the growth of the contact
metamorphic minerals.

Diatremes on the Navajo and Hopi Reservations, Arizona
By Es M. Shoemaker

Petrographic and chemical investigations of uraniferous sedimentary
. rocks from diatremes in the Hopi Buttes area, Arizona (fig. 10),‘have
been initiated in order to determine the lithologic and geochemical
affinities of the uranium-bearing beds in the diatremes.

The mineralized rocks range from relatively pure carbonate rocks to
calcareous tuffs and siltstones (table 1), One mineralized bed of silt
grain size consists of about 75 percent iron oxides, chiefly goethite(?).
The carbonate in the rocks is extremely fine grained and cannot be identified
in thin section. Chemically determined CaCO3 generally accounts for only
about half of the acid soluble fraction of the rocks and, according to
spectrographic analyses, the magnesium content is commonly in the range
of 5 to 10 percents A considerable fraction of the carbonate may be
dolomite. It is suspected that the carbonate rocks have been derived in
part by evaporation of thermal solutions and could therefore be properly
referred to as travertine; they are here referred to by the noncommital
ternlliﬁestone. The insoluble clastic fraction of the limestones is

generally composed chiefly of quartz of silt size and only subordinate
amounts of volcanic debris. -An eolian origin for much of the silt seem likely.
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Compared with Paleozoic and Mesozoic limestones of the Colorado

Piateaﬁ, which are chiefly of marine origin (fige. 11) the limestones of
the Hopi Buttes diatremes are strikingly richer in s;zdium and tend to

have higher concentrations of strontium, ‘va.nadimn, copper, nickel, and
cobalt, as well as of uranium and molybdenum (not illustrated). In |
addition, the limestones of the Hopi Buttes contain, on the a;v_erage about,

5 times as much phosphorus as thé average limestone and s'ignifica.ntlx

more arsenic and selenium (table 1) than the average limestone or other
sedimentary rocks listed by Rankama and Sahama (1950, p. 226). Part of
these differences may be due to contamination of the limestones by
monchiquite detritus which has been found to be rich in several §f the
elements present in unusual abundance in the limestones (TEI-590_, p.‘?"?é-
85). Certain elements in the limestones, such as iron, titanium, zirconium,
and c}lromium, are clearly related to the amount of insoluble detrital con-
stituents (fig. 12). Vanadium, copper, nickel, and cobalt, however, as
well as other elements not illustrated, are inde;laendent of the detrital
insoluble fraction (fig. 12). Colorimetric analysis of the leachate has ‘
revealed that“a, large part of the vanadium, copper, nickel, and cobalt con-
tained in the limestones goes into solutj.on with a hot citric acid leach.
It is inferred that the major part of each of these elements is in tli_e
carbonate fraction.

The ferruginous siltstone composed mainly of goethite contains, in
addition to uranium, more than 0.0l percent each of nickel, cobalt,
molybdenum, and zince.

Of all the eléments that are present in unusual abundance in thep,‘l
uraniferous rocks, only molybdenum has been found to have a definite cor-
relation with uranium (fig. 13). On the average, molybdenum tends to be

about half as abundant as uranium,



SINOLSINIT 010Z0SIN-D10Z03¥d NI
SNOY¥I4 INVHEN NI

1439434

100" 1000° {10

0

S371dNYS €T

yuedied T000°

E
1

0D
2u2343¢
or 1T 10

bk

L]

S3VdNYS

a

U

§

2uaos2d
_00._000,

yuedied TOOD’O
T ERFITTINS

__%

IN

quaoLed

10" 100

1us0424¢

Jus2.43g
_o._oo;O@o. 3

2
(5]

1439494

[3
YNOZ | ¥V
GOHLIN O 1HAVYOOY¥LIIdS -IHL A8 03103130 SLIN3IWNITI 40 JONVANNBY~--TT 914

T

Ju29.43¢

1000°0
ERFLL AN
>
31dWYS T

Jod Z000°0>
S$3VdnvsS 2

ﬁ_)uean
/’f jusosad GOOO
|

T YUo

92s9d G*
A¥awe 8273

p 4

e
G0

juadsiad
S3IIdRYS TT
EEFEL] z§
S31dWVS 2
$31d0YS €

At

Py

qus2.48¢
(o)} 1 ol

/t_|;uo:|

-t /E,;ua.ueﬂ Ul

— o

o
=

‘AVILYId 0O¥HOT0D IHL WOYS

IldOH 3HL:-NOY4 SINOLSINIT

*031¥043Y¥ SY SISATIVANY u.:s«zwonﬁuuum\l
“QOHLIN JIHJIYYSOULIILS IHL A8 ININIVI 3IHL Y04 ALFALLISNIS 30 Limi zu;c...\l.

qua243¢

\&Q\xx\\\\%%x\\)

10" 100°1000°

juadsad IOOO‘O
/T s3ranvs €

yuedsad QI<
S3IV1dHYS €

72 314

v

Ju2045¢
© 1007
w -0
oV IS
_M.h SINOLSINIT
nE jo_ 2107083
o =J10703Vd
b L
(1]
]
3
- "F"llo
@ » s3iing
- S 1d0H
Ol ganoisanty
SNOYI4 INYEN
$91duos
iz fo seqenu
JuUa43d
[o]1] T 10° |
A3 L L TIL A2 = | 0
- S
SINcisSINt
~0! "“5102053m
=210203v4
0 $31ing
L ¢ 1d0H
-0l ganossaniy
SNOY¥3IAINYYN
sa1duvs
1S fo 4aqunu



83

narts CLEMENTS CONTAIRED LARGELY it parts ELEMENTS CONTAINED LARGELY
rer DETRITAL CONSTITULKTS OF rer IN ACID-SOLUBLE COHNSTITUENTS OF
millton THE LIMESTONES ntllton TRE LIMESTORES
100000 1000
Fe I ’ Y
{ I I
'000 T L] L) L ) ‘c L] l T ¥ L \J
1 2 5 10 20 50 100 1 2 5 10 20 50 100
10000 : 100 I
Ti | | Cu l I I l I
000+ ' 104 I
IOG | I T LA L T l N | \J \J
1 2 5 10 20 50 100 1 2 5 10 20 50 100
1000 100 | I
Zr Ni I
100+ | l I ' 10 | l I I
(I
10 l 1
1 2 5 1 2 50 100 1 2 5 10 20 50 100
100 100
Cr | l Co | '
10 g I ' 10
| R T |
1 T ¥ L LU \J 1 ¥ L) J ¥
1 2 5 10 20 50 100 1 2 5 10 20 50 100
I'ercent insoluble restdus lereent insoluble residue

F1e.12-—CORRELATION OF ELEMENTS WITH INSOLUBLE DETRITAL FRACTION
IN URANIFEROUS HOPI| BUTTES LIMESTONES.



percent
001

1
1]

Mol ybdenum (Spectrographic)

o.oox-—__‘lﬂit__f - sensitivity
Less [ I
than .
0.001
percent

| | | 1 | I | |
0,0002 0.0005 0.001 0.002 0,005 0.01 0,02 0.05 0.1

percent

Uranium (Fluorimetric)

¢

F16.13 ~—CORRELATION OF MOLYBDENUM AND URANIUM IN URANIFEROUS
SEDIMENTARY ROCKS FROM DIATREMES IN THE HOPI BUTTES AREA,
ARIZONA,



85

The occurrence of the elements of unusual abundance varies from one
diatreme to the next. The uraniferous rocks sampled (EMS-13-55, EMS-14-55)
at the Sun No. 6 claim (fig. 10) contain unusual concentrations of silver
and selenium. Those (EMS-2-55, EMS-3-55) at the Sun No. 12 claim (fig.

10) are abnormally high in cobalt, nickel, and manganese., Detectable
concentrations of molybdenum are curiously absent in the moderately uranif-
erous rocks (EMS-19-55, EMS-20-55, EMS-21-55) of one diatreme about 3-1/2
miles (?) northeast of Na-ah-tin (fig. 10).

Thé fact that the limestones tend to contain unusual concentrations
of sodium, phosphorus, strontium, vanadium, copper, nickel, and cobalt,
elements which are relatively abundant in the monchiquitic volcanie rocks
of the Hopi Buttes, suggests that the solutions from which the limestones
were formed were genetically related to the igneous rocks. Further chemical
study is planned to define the pattern of wvariation of the elements among
the diatremes and to investigate the relation between the composition of
the uraniferous rocks and the associated igneous rocks.

The following paper was published during the report period:

Shoemaker, E. M., 1956, Occurrence of uranium in diatremes on the

Navajo and Hopi Reservations, Arizona, New Mexico, and Utah, in
Proc, Internatl. Conf. on Peaceful Uses of Atomic Energy--vq 3:
g::iggz‘of uranium and thorium, p. 413-417: New York, United

Reference

Rankama, Kalervo, and Sahama, Th. G., 1950, Geochemistry: Chicago,
University of Chicago Press.
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Photogeologic mapping
By We. A. Fischer

Mapping of quadrangles along the Utah-Arizona border, using high-
altitude photography (scale 1:60,000) in conjunction with the Kelsh plotter,
continued during the report period. The maps printed at the scale of
1:24,000 show the stratigraphy and structure of rocks ranging in age from
Permian to Tertiary.

Isopachous mapping of the Moenkopi-Hoskinnini interval in the White
Canyon 4 SE and parts of the White Canyon 4 NE, 4 NW and 4 SW quadrangles
in Utah was completed during the period. Detailed stratigraphic measure-
ments using 1:20,000 scale photography and the Kelsh plotter located
several channels or swales that had not been mapped by field parties pre-
vious working in the area. Field checking of the photogeologic mapping
confirmed the presence of these swales.

The status of the Geological Survey's photogeologic mapping program
is shown on the index map, figure 14. During the report period 32 maps
of 7-1/2 minute quadrangles at a scale of 1:2,,000 were completed, and
50 such maps, completed in this and previous periods, were published by
the Geological Survey in the Miscellaneous Geologic Investigations Map
series. These maps are listed below, by number and title.

No. Title
I-111 Woodside-12 quadrangle, Emery County, Utah
I-113 Tidwell-5 quadrangle, Emery County, Utah
I-115 Tidwell-16 quadrangle, Emery and Grand Counties, Utah
I-116 Moab-10 quadrangle, Grand County, Utah
I-117 Moab-12 quadrangle, Grand County, Utah
I-118 Moab-13 quadrangle, Grand and Emery Counties, Utah
I-119 Moab-~1/) quadrangle, Grand County, Utah
I-120 Desert Lake-~l) quadrangle, Emery County, Utah
I-121 Desert Lake-~l5 quadrangle, Emery County, Utah

I-122 Desert Lake-16 quadrangle, Emery County, Utah
I-123 Woodside~l3 quadrangle, Emery County, Utah
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No. Title

I-124 Castle Dale-l6 quadrangle, Emery County, Utah

I-125 Elk Ridge-3 quadrangle, San Juan County, Utah

I-126 Elk Ridge-8 quadrangle, San Juan County, Utah

I-127 Elk Ridge-9 quadrangle, San Juan County, Utah

I-128 Moab-15 quadrangle, Grand County, Utah

I-131 Springdale SE quadrangle, Kane County, Utah

I-132 Springdale SW quadrangle, Washington and Kane Counties, Utah

I-133 Fredonia NW quadrangle, Coconino County, Arizona

I-134 Kaiparowits Peak-l quadrangle, Garfield County, Utah

I-135 Kaiparowits Peak-2 quadrangle, Garfield County, Utah

I-136 Kaiparowits Peak-7 quadrangle, Garfield County, Utah

I-137 Kanab SE quadrangle, Kane County, Utah

I-138 Kanab SW quadrangle, Kane County, Utah

I-139 Shinarump NW quadrangle, Kane County, Utah

I-140 Short Creek SW quadrangle, Mohave County, Arizona

I-141 Short Creek NW quadrangle, Mohave County, Arizona

I-142 Short Creek NE quadrangle, Mohave County, Arizona

I-143 Heaton Knolls NW quadrangle, Mohave County, Arizona

I-144 Lost Spring Mountain SE quadrangle, Mohave County, Arizona

I-145 Lost Spring Mountain NE quadrangle, Mohave County, Arizona

I-146 Lost Spring Mountain NW quadrangle, Mohave County, Arizona

I-147 Virgin SW quadrangle, Washington County, Utah

I-148 Springdale NE quadrangle, Kane County, Utah

I-149 Virgin NW quadrangle, Washington County, Utah

I-150 White Canyon-8 quadrangle, San Juan County, Utah

I-151 Elk Ridge-4 quadrangle, San Juan County, Utah

I-152 Elk Ridge-5 quadrangle, San Juan County, Utah

I-153 Short Creek SE quadrangle, Mohave County, Arizona

I-154 Desert Lake-13 quadrangle, Emery County, Utah

I-157 Mt., Peale-9 quadrangle, San Juan County, Utah and Montrose and
San Miguel Counties, Colorado

I-158 Mt. Peale-10 quadrangle, San Juan County, Utah

I-159 Mt. Peale-l1 quadrangle, San Juan County, Utah

I-160 Fredonia SW quadrangle, Mohave County, Arizona

I-161 Virginia NE quadrangle, Washington County, Utah

I-162 Tidwell-2 quadrangle, Emery and Grand Counties, Utah

I-163 White Canyon-7 quadrangle, San Juan County, Utah

I-164 Johnson SW quadrangle, Kane County, Utah

I-165 Mt, Peale-l1 quadrangle, Grand and San Juan Counties, Utah and
Montrose County, Colorado :

I-166 Emery-l quadrangle, Emery County, Utah
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Subsurface geologic investigations by drilling

By D. As Phoenix and P. C. Franks

Diamond drilling designed to.tésﬁ geologic concepts in five areas
in the Colorado Plateau was completed in March 1956. Thesejafeasnare:
Disappointment Valley, San Miguel County, dolorado; Kirk's'BasinnTaylor
Creek, Grand County, Utah; Deer Flat, San Juan County, Utéh; Clay Guleh,
San Juan County, Utah; and El Capitan Flat (Oljeto Wash), Navajo County,
Arizona (fig. 15).

The data for all areas in which drilling was undertaken are being -
compiled and will be contained in various reports by the Geological Survey;
only the highlights are described in this report.

Core from drill holes that penetrated Jurassic and Creﬁaceous for—
mations on the northeast side of Disappointment Valley is being studied
in the 1abofatory. These cores have furnished mineralogiec, paleohﬁologié,
and stratigraphic information that is being integrated with a compréhensive
study of the stratigraphy and ofe deposits in the Sliék Rock distriet;~
this information is reported in the section on the Slick Rock district in
this report. Two drill holes in Disappointment Valley are about 2,QOO feet
deep and are being used to measure the geothermal gradientq Core samples
from one of these drill holes have also been selected for geochemical -
measurements,

In the Kirk's Basin-Taylor Creek area widely spaced diamond drill holes
we;; drilled to test the Morrison formation for favorablemess for ore
deposits, and for geologic control in areas of complex geology. One drill
hole encountered rock fa§orable‘for the occurrence of uranium depbsité;;and
the remaining holes provide control for structure crnss~sections‘acrbss the

northern end of the Sinbad Valley salt anticline complex.
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On Deer Flat diamond drill holes penetrated at least five channels,

two of which crop out on the edge of the mesa., In addition, the drill
hole data show that the Shinarump member of the Chinle formation is absent
beneath the northern part of Deer Flat and that the large uranium deposits
in the Shinarump member are from one-half to 1 mile south of the wedge-
edge of this member,

A structure contour map of the top of the Moenkopi formation on Deer
Flat, based on drill hole and outcrop data, shows a structural terrace in
the Moenkopi fomatioﬁ. This terrace may have controlled the shape and
trend of a large channel. It may also be significant that the largest ore
deposit on Deer Flat is found where the structural terrace and the channel
are closely associated (see TEI-540, pe 31-34).

The results of diamond drill exploration for the Shinarump member of
the Chinle formation in Clay Gulch, indicate that between Clay Gulch and
exposures about 2 miles east, along Red House Cliffs, a dominantly con-
tinuous blanket of the Shinarump member wedges out northeast of a line
trending N, 15© W, It is likely that the wedge-edge of the Shinarump mem-~
ber continues northward below younger formations capping the Red Rock
Plateau and is the same as that mapped in the White Canyon area abou’é 20
miles to the north. It has previously been suggested that ore deposits
are localized along this wedge-edge in the White Canyon area (TEI-490,

Pe 29).

In the El Capitan Flat area (Oljeto Wash) diamond drilling based on
geophysical data has led to the discovery of three uranium deposits. These
deposits are in conglomerate and sandstone of the Shinarump member that
fill: a channel in the underlying Moenkopi formatione. The channel is known

to be continuous for at least 1 mile and may be longer The:channel thins
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and thickens and the ore deposits are clustered in its deeper parts. The
mineralogic relations within these and nearby ore deposits are believed
to vary with the ground water enviromment.

In the El Capitan Flat area the Shinarump member of the Chinle for-
mation is composed of lenticular sandstone strata separated by local
disconformities. Some strata are narrow and elongate, others are broad
and flat; their individual thicknesses rarely exceed 15 feet. Each stratum
contains sedimentary structures oriented in a prevailing direction and
each stratum is presumed to represent a period of aggradation during which
the depositing stream was essentially fixed in positione In these respects
the sedimentary framework of the Shinarump conglomerate is like that of the
ore-bearing sandstone of the Morrison formation. These basic geologic data
_are being correlated with various geophysical measurements to provide an
, appraisal of the geophysical methods used for exploration in the El Capitan

Flat area as well as in other areas.

Stratigraphic studies

General studies
By Le Ce Craig and De De. Dickey

Summary of stratigraphic features associated with uranium deposits of
the Colorado Plateau (Craig, 1955) shows that groups of ore deposits are
associated with a number of regional stratigraphic features and that habits
of single ore deposits are related to small-scale stratigraphic features.
Regional features that coincide with groups of ore deposits include certain
major depositional environments, gross facies characteristics, margins of
deposition, certain lithofacies, formational thicknesses, and sorting of

sandstones. Small-scale stratigraphic features related to the position or
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elongation of ore deposits are channels, thicker parts of sandstone beds,
sedimentary structure orientations, and lcharacteristics of color, texture,
and composition.

The association of uranium deposits with continental sediments,
particularly with fluvial sandstones, focuses attention on the field inter-
pretation of depositional environments, The Morrison formation of Jurassic
age, for example, is considered dominantly fluvial because of the presence
of scour surfaces, the close association of scour surfaces with the filling
sandst‘one, and, in turn, the close association and alternation of the sand-
stone units with the lenticularly bedded mudstones of the formation. These
characteristics may be developed in other environmentsj the small amount of
additional evidence supporting the interpretation of the fluvial envirorment
of deposition emphasizes the need for additional observation of deposition
in modern continental environments.

Paleontologic records dating from 1948 and oil test data have been
compiled and incorporated in the records of the general stratigraphic
studies, and a dry hole map of the Colorado Plateau has been compiled,

A noteworthy result of the examination of cuttings from several drill holes
from the San Juan Basin was the satisfactory recognition of the Recapture,
Westwater Canyon, and Brushy Basin members of the Morrison formation in the
cuttings, and the establishment of subsurface corroboration of the corre-
lation of these members from the west side of the San Juan Basin to the
southern and eastern margins of the Basin,

A series of isopach maps of Jurassic and Lower Cretaceous formations
of the Colorado Plateau was prepared to serve as cumulative records of
thicknesses of these formations., It is planned during the next report

period to extend the map coverage to include Cretaceous and Tertiary
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formations. Compila.tions of approximate thicknesses from the geologic
and topographic quadrangle maps of southwestern Colorado have shown that
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